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ABSTRACT
A COMPARISON OF METHODS FOR MEASURING INTRAINDIVIDUAL CHANGE IN 
STUDENT EPISTEMOLOGICAL ORIENTATION DURING THE TRANSITION TO COLLEGE
by
Trey M ichael B u ch an an  
U niversity of N ew  H am pshire, May, 1992
T he ability to  m e a su re  th e  developm en t of epistem ological beliefs of 235  co llege  s tu d en ts  
during their firs t-sem este r in co llege  w as investigated  by com paring th e  resu lts  ob ta ined  using 
five different m ethodological ap p ro a c h e s  to m easuring  ch an g e . T h e se  ap p ro a c h e s  included the 
u se  of the tw o-w ave d ifference sco re , th e  residual c h a n g e  sco re , th e  c ro ss-tim e  correlation  
m atrix, re p e a te d  m e a s u re s  an a ly s is  of v a riance , an d  individual grow th m odeling . A cubic 
individual grow th m odel w as found to be  superio r to o ther m ethods in describ ing  intraindividual 
d if fe re n c e s  in d u a lis tic  ep is tem o lo g ica l o rien ta tion  during th e  tran sitio n  to co lleg e . An 
investigation  of the ex is te n c e  of sy s tem atic  interindividual d iffe rences in grow th a s  a  function 
of anxiety, m ood, to le ra n c e  of am biguity, and  v arious d em o g rap h ic  ch a ra c te ris tic s  failed to 
find any  significant d iffe ren ces am ong  four identified p a tte rn s  of linear and  cubic  c h a n g e  in 
dualism : no ch an g e , fluctuating in c rease , stra igh t in c rea se , fluctuating d e c re a s e , and  straight 
d e c re a s e . S u g g es tio n s  a re  g iven  for both  fu ture em pirical inves tiga tions of ep istem ological 
deve lopm en t in co llege  s tu d en ts  and  the m easu rem en t of longitudinal c h a n g e  in psychological 
c o n s tru c ts .
INTRODUCTION
T he re se a rc h  repo rted  in th is d isse rta tio n  reflec ts th e  con fluence  of two b road  tre n d s  in 
con tem porary  developm enta l psychology. The first of th e s e  is th e  in c rea sed  in terest in is su es  
of adult developm ent, and  particularly adu lt cognitive developm ent. The seco n d  trend involves 
the application of new  ap p ro ach es  for analyzing longitudinal d a ta  deve loped  by m ethodologists in 
m ed u ca tio n a l and  psycholog ical re se a rc h . I have  b e e n  ab le  to  focus a tten tion  on specific 
a sp e c ts  of both is su e s  by choosing  to exam ine  the intellectual im pact of th e  initial transition  to 
college using severa l different m ethodological app roaches .
C ollege S tuden t Epistem ological D evelopm ent 
William G. P erry , J r . 's  (1968 , 1970, 1977, 1981) w ork on co lleg e  s tu d e n ts ' in tellectual 
and  eth ica l deve lopm en t provided the theo re tica l fram ew ork from w hich I b eg an  this project. 
P erry 's view  of the em erg ing  adult a s  a  natu ral ep istem ologist h a s  b een  recently  d e sc rib ed  a s  
one  of a  "diversity of postform al so f t-s tag e  p ro p o sa ls  in concep tua liz ing  adu lt developm ent"  
(R ichards & C om m ons, 1990, p  159) th a t a ttem p t to  ex ten d  P ia g e t 's  struc tu ra l, cognitive 
developm en ta l theo ry  beyond  a d o le sc e n c e . S o ft-s tag e  th eo rie s  d e sc r ib e  d ev e lopm en t th a t is 
"optional ra th e r th a n  n e c e ssa ry "  (K ohlberg & R yncarz, 1990, p. 204) a n d  th e re fo re  differ 
from the  traditional notion of un iversa l d ev e lo p m en t d e sc rib ed  by "hard -stage*  th e o r ie s  of 
cognitive developm ent. Perry s t r e s s e s  th e  culturally-specific n a tu re  of his sc h e m e  by stating  
tha t his id ea s  a re  m ost re levan t for unders tand ing  "the intellectual and  e th ical d ev e lopm en t of 
late ad o le sc e n c e  in a  pluralistic culture" (1970, p. 3).
As a  sen io r in co llege, I originally lea rn ed  of P erry 's  sch em e  a s  part of a  co u rse  on group 
p ro cesse s . My b e s t g u e s s  a s  to why my p ro fesso r p re sen ted  this theory  is th a t he though t he 
might b e  ab le  to e n h a n c e  his s tu d e n ts ' developm en t with a  bit of an  ex p o su re  to P erry 's  ideas. 
S ince tha t tim e I h av e  m entioned, o r h av e  heard  o thers m ention. P erry 's  sc h e m e  to num erous 
university  in s tru c to rs  an d  ad m in is tra to rs  with it being m et with a lm o st th e  s a m e  reac tio n
1
every  time. To th e s e  ed u ca to rs  P erry 's  concep tion  of co llege  s tu d en t deve lopm en t se e m e d  so 
intuitive th a t few  o ften  inquire ab o u t th e  em pirical e v id e n c e  suppo rting  th e  s c h e m e . My 
curiosity  in exam ining P erry 's  sc h e m e  em pirically w as initially sp a rk ed  b e c a u se  of this lack  of 
curiosity in others. In a  s e n s e , P erry 's  sc h e m e  seem ed  to  good to b e  true, or w a s  it?
In o rd e r to ex p lo re  th e  em pirical n a tu re  of P e rry 's  sc h e m e , this d is se rta tio n  re sea rch  
e x a m in e s  the  im pact of this initial transition  in the ep is tem o lo g ica l d ev e lo p m en t of older 
a d o le s c e n ts . E ven  though  th is is ra th e r c ircum scribed  topic g iven  th e  totality  of P erry 's  
sch em e , I feel tha t m uch of th e  actua l developm enta l p ro c e s s e s  th a t result in epistem ological 
grow th h av e  gone largely unexam ined . A lthough em pirical re sea rch  h a s  focused  on th e  social 
an d  em otional a s p e c ts  of th is  p h en o m en o n  (B aker & Siryk, 1984; C o n stan tin o p le , 1969; 
C u trona, 1982; Feldm an  & N ew com b, 1969; J a y  & D'Augelli, 1991; W aterm an  & W aterm an, 
1971), few  s tud ies  h ave  exam ined  the intellectual ch an g es  s tu d en ts  experience  a s  they becom e 
part of th e  academ ic  com m unity. A prim ary goal of this pro ject is to begin to  fill the  empirical 
g a p s  in developm en ta l p sycho logy 's  und e rs tan d in g  of in tellectual d ev e lo p m en t during college, 
for m any individuals a  cen tra l ev en t of their transition  to adulthood.
In a  concluding com m ent abou t my in te rest in the em pirical validity of P erry 's  schem e, I am 
quite  su re  tha t the cho ice  of this topic reflec ts my own strugg le  with is su e s  of psychological 
know ledge. My initial background  in the history and  theory of psychology h a s  m ad e  m e keenly 
aw are— m uch of the tim e unconsciously—of both th e  incredible potential and th e  critical limits of 
hum an  know ledge. T herefo re , I feel th a t my in te rest in P e rry 's  w ork re flec ts  no t only a 
re s e a rc h  in te rest, bu t a t a  p e rso n a l level it re flec ts  my ow n s tru g g le  with ep is tem olog ica l 
q u es tio n s .
M ethodological Is su e s  in D evelopm ental Psychology
In addition to my in terest in psychological developm ent during th e  transition to  adulthood, I 
a lso  c h o s e  this d isse rta tion  re se a rc h  to  a d d re s s  my in te re s t in th e  m ethodological problem s 
a s s o c ia te d  with studying  hum an deve lopm en t. My specific in te re st in m ethodology involves 
investiga ting  the ability of d ifferent analy tical a p p ro a c h e s  to both  m e a su re  in tra in d iv id u a l
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c h a n g e  and  to accoun t for interindividual d ifferenc e s  in c h a n g e . As N esse lro a d e  (1991) h as 
po in ted  out, th is d istinction—th a t d ev e lopm en ta l p sy ch o lo g is ts  a re  inheren tly  a lw ays dealing  
with two levels of ch an g e— is by no m ean s  a  novel idea; but it is one  th a t s e e m s  to  have  e sc a p e d  
th e  attention  of m any re se a rc h e rs  w ho a ttem pt to a d d re s s  developm ental q u estio n s.
In 1989, through good  fortune I w as  ab le  to a tten d  an  APA sp o n so red  co n fe ren ce  entitled 
"B est M ethods for th e  A nalysis of C hange* w here I w as  first e x p o se d  to  m any of the critical 
i s s u e s  an d  exciting  po ss ib ilities  th a t a re  curren tly  being  d is c u s s e d  am o n g  m ethodo log ists  
in te rested  in ch an g e . From th e  p ro ceed in g s of that co n feren ce  I w as inspired  to  try to directly 
a d d re s s  so m e  of th e s e  m ethodological is s u e s  in my d isse rta tio n  re se a rc h . A fter com pleting 
th is project, I h av e  b egun  to  rea lize  that, not unlike m ost a re a s  of intellectual inquiry, th e  m ore 
I think I "know* abou t analyzing ch an g e  th e  m ore I'm su re  tha t I've only b een  ab le  to  scra tch  the 
su rface  of th e  issue . By attem pting  to contribu te  to  th is d iscussion , how ever, I h o p e  that the 
re s e a rc h  p re s e n te d  h e re , if no th ing  e ls e ,  su p p o r ts  th e  grow ing u n e a s in e s s  in scien tific  
psycho logy  with q u e s tio n s  tha t fail to  tak e  into acco u n t th a t hum an  e x p e rien ce  is constan tly  
chang ing . T hat is to  a g re e  with J a m e s 's  con ten tion  th a t psychological e v e n ts  a re  never *got 
by u s  tw ice* (18 9 0 /1 9 8 3 , p. 2 25 ), b u t ra th e r th a t ‘e x p e r ie n c e  is rem ou ld ing  u s  ev e ry  
m om ent* (1 890 /1983 , p. 228).
O v e rv iew
B e c a u se  th e  w ork p re s e n te d  in th is d isse rta tio n  involves th e  in teg ra tion  of su b s tan tiv e  
q u e s tio n s  ab o u t la te -ad o le scen t d ev e lo p m en t with m ethodological q u e s tio n s  ab o u t m easuring  
c h a n g e , th e  first tw o se c tio n s  p rov ide s e p a ra te  d is c u ss io n s  of th e s e  top ics. In S ec tion  I, 
P e rry 's  sc h e m e  of ep istem ological d ev e lopm en t is outlined, re levan t re se a rc h  is review ed, and  
a  s e r ie s  of u n a n sw e re d  q u e s tio n s  ab o u t th e  initial transition  of th e  sc h e m e  a re  p re sen ted . 
S ec tio n  II p ro v id e s  a n  overv iew  of th e  m ajor is s u e s  in th e  m eth o d o lo g ica l lite ra tu re  on 
analyzing ch an g e , followed by a  d iscussion  of severa l conventional techn iques u sed  to m easu re  
c h a n g e  an d  th e  p re sen ta tio n  of a  m ore recen t ap p ro ach , th e  tech n iq u e  of individual grow th 
m odeling.
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A report describ ing  a  pilot study conducted  in the sum m er of 1990 is p re se n te d  in Section
III. This initial study  w as  conducted  in order to a s s e s s  the psychom etric  p ropertie s  of several 
sc a le s  d esig n ed  to m easu re  not only epistem ological developm ent, but sev era l o th e r variab les, 
including anxiety, m ood, and  locus of control. Section  IV p re se n ts  the m ethod and  resu lts of the 
longitudinal an a ly s is  of two cohorts of s tu d en ts  during their first s e m e s te r  in college. T h ese  
a n a ly se s  co m p are  th e  re su lts  ob ta ined  from sev e ra l ap p ro a c h e s  to m easuring  ch an g e , with a 
focus on determ ining which app roach  or ap p ro ach es  b es t d e sc rib e s  ep istem ological developm ent 
during th e  transition  to co llege. L ast, Section  V prov ides an  overall d iscu ss io n  of th e  role of 
affect an d  personality  in early  ep istem ological developm ent, the  m ethodological le s so n s  learned 
from com paring a p p ro ach es  to m easuring  ch ange , and  som e su g g es tio n s  for fu ture re sea rch  on 
both topics.
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I. OVERVIEW OF EPISTEMOLOGICAL DEVELOPMENT THEORY
Within tw en tie th -cen tu ry  developm en ta l psychology, th e  cogn itive-structural ap p ro ach  h a s  
provided o n e  of th e  m ost im portant in fluences on th e  deve lo p m en t of theory, re se a rc h , and  
p rac tic e . T his a p p ro a c h  view s psycho log ica l d ev e lo p m en t a s  th e  re su lt of th e  dynam ic 
in terac tion  b e tw een  th e  individual and  th e  env ironm ent, principally  th rough  th e  su c c e s s iv e  
adap ta tion  of pa tte rn s  of thought and  behavior to the  d em an d s  of a  changing  world. Beginning 
with th e  w ork of Baldw in (1902 , 1968), th e  co g n itiv e -s tru c tu ra l a p p ro a c h  h a s  a ch ie v ed  
im press ive  articu la tions in both P ia g e t 's  g en e tic  ep is tem o logy  (Flavell, 1963; P iage t, 1952), 
and  K ohlberg 's work on th e  developm ent of moral reason ing  (1981, 1984).
This theoretical approach , far from being a  recen t p henom enon , h a s  its roots in severa l 
n in e teen th -cen tu ry  in te llec tual, scientific , an d  political m o v em en ts . S ev e ra l of th e  m ost 
im portan t of m o v em en ts  include th e  in te llec tual im pact of D arw inian  evo lu tionary  theory  
(C harlesw orth , 1992; Vidal, B uscag lia , & V oneghe, 1983), th e  rise  of th e  "new* scientific 
p sycho logy  in E u ro p e  an d  th e  U nited  S ta te s  (A lbrecht, 1960; O ’D onnell, 1985), an d  th e  
beg inn ings of p ro g ress iv e  A m erican meliorism a t th e  turn of th e  cen tu ry  (Crem in, 1980). The 
influence of e a c h  of th e s e  m ovem ents converged  with a  grow ing a c c e p ta n c e  of th e  rom antic 
concep tion  of th e  child p roposed  by R o u sse a u  two cen tu rie s  ea rlie r (1672/1979) and  provided 
tw en tie th -cen tu ry  psycho logy  with a  b ro ad  fram ew ork  within w hich m any b as ic  q u e s tio n s  
about the  na tu re  of th e  co u rse  of hum an life would b e  successfu lly  ad d ressed .
D esp ite  n u m ero u s  co n trib u to rs  to th is  e n te rp rise , P ia g e t h a s  b een  by fa r th e  m ost 
influential of th e  cognitive-structural developm ent th eo ris ts  in A m erican psychology. Through 
th e  tra n s la tio n s  of h is  v arious w ritings— m any of w hich w ere  red isco v e red  in th e  m idst of 
p sycho logy 's  "cognitive revolution’ of the 196 0 's— P iagetian  thought h a s  provided th e  starting  
point for m uch of the re se a rc h  on lan g u ag e  d ev e lopm en t (1926), m oral d eve lopm en t (1932),
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and  cognitive deve lo p m en t (1928/1969 , 1929/1983, 1952). A lthough m any of P ia g e t 's  id eas 
have  b een  criticized (C ase , 1985) and  em pirically challenged  (B aillargeon, 1987, for exam ple), 
his m etapho r of the continual adap ta tion  of internal psychological s c h e m a s  to ex ternal physical 
reality rem ains cen tra l in developm enta l psychology.
W hile P ia g e t 's  own w ork fo cu sed  exclu sively  on p sy cho log ica l d e v e lo p m e n t through 
a d o le s c e n c e ,1 m any developm enta l psycho log ists  have  a ttem p ted  to exp lore  w hat h a s  recently 
b e c o m e  know n a s  postfo rm al th o u g h t (C om m ons, R ichards , & A rm on, 1984; R ich ard s & 
C om m ons, 1990). O ne of the m ost widely cited , and  I will a lso  con tend  the m ost empirically 
neg lec ted , ex am p les of postform al cognitive theory  w as  dev e lo p ed  by Perry in his 1970 book,
F orm s of Intellectual and  Ethical Deve lopm en t in th e  C ollege Y ears:__ A S chem e. Comm only
refe rred  to a s  "P erry 's  sch em e ,"  this theo ry  is an  a ttem p t to d e sc r ib e  the  w ay in which 
certa in  individuals, principally co lleg e  s tu d e n ts , "m ake m eaning" (Perry , 1981) ou t of their 
soc ia l and  in te llectual e x p e r ie n c e s  a s  they  co m p le te  th e ir tran sition  from a d o le s c e n c e  to 
adulthood . Not only did Perry  view  h is sc h e m e  a s  partly a  legacy  to P ia g e t 's  theo ry  (Perry, 
1970), but h is sch em e  of "intellectual and  e th ical developm ent* h a s  co m e b e  to  d esc rib ed  a s  a  
theory of ep is tem o lo g ica l dev e lo p m en t, s tre ss in g  the cen tra l them e of individuals' constructing  
m ore com plex  a ssu m p tio n s  ab o u t th e  n a tu re  of reality  a n d  k now ledge  com m on to both 
p sy ch o lo g is ts ' work.
In o rd e r  to  b e t te r  u n d e rs ta n d  P e r ry 's  co n tr ib u tio n  to  th e  c o g n itiv e -s tru c tu ra lis t  
en te rp rise , an  overview  of his sc h e m e  of d ev e lo p m en t will b e  p re s e n te d  in th is sec tion , 
followed by a  further d iscu ssio n  of its ph ilosophical and  theo re tica l roots. In addition , I will 
outline the  existing  re se a rc h  on P e rry 's  sc h e m e , including certa in  im portant app lica tions and 
e x te n s io n s  of his work. L ast, I will offer two a s p e c ts  of P e rry 's  sc h e m e  th a t will be
1 O n e  no tab le  ex cep tio n  to  this focus on n o n ad u lt d ev e lo p m en t is P ia g e t 's  (1972) brief 
trea tm en t of the cognitive d em an d s  faced  by the  ad o lescen t during th e  transition to adulthood.
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em pirically a d d re s se d  in th is d isse rta tion  re se a rc h : th e  concep tion  of c h a n g e  an d  th e  role of 
o ther noncognitive dom ains in s tu d en ts ' ep istem ological developm ent.
Making M eaning in th e  C ontext of the M odern A m erican University:
An O verview  of P erry 's  S ch em e  of E pistem ological D evelopm ent 
In th e  late 1950's, th e  B ureau of Study Council a t H arvard C ollege, h e a d e d  by William G. 
P erry , Jr . (1968), b e g a n  a  se r ie s  of s tu d ie s  of th e  co lleg ia te  e x p e rien ce  of u n d e rg rad u a te  
s tu d e n ts  a t H arvard  an d  Radcliffe C o lleges. T h ese  s tu d ie s  focused  primarily on th e  w ays in 
w hich s tu d e n ts  co n stru c te d  m eaning  ou t of their a cad em ic  a n d  socia l e x p e rie n c e s . P erry 's  
in te rest in exam ining s tu d en ts ' "making m eaning" out of their co llege  ex p erien ce  w a s  driven by 
the  rise in th e  intellectual and  m oral pluralism  tha t ch a rac te rized  the m odern  A m erican liberal 
a r ts  co lleg e  (A dam s, 1931, cited  by Perry , 1970). In P e rry 's  own w ords, th e  g oa l of th e  
B u re a u 's  investiga tions w a s  "to illustrate th e  variety  in s tu d e n ts ' re s p o n se s  to  th e  im pact of 
in tellectual and  m oral relativism " on their co llege  ex p erien ce  (1970 , p. 7).
A lthough P erry  and  his co lleag u es  fully ex p ec ted  to  a d d re s s  th e  is su e  of co llege  s tu d en t's  
e x p e r ie n c e  from  an  individual d if fe re n c e s  p e rs p e c tiv e — reflec ting  th e  te n o r  of A m erican 
personality  psychology— they  so o n  b e g a n  to  realize  th e  developm enta l na tu re  of d ifferences in 
s tu d e n ts ' a ssu m p tio n s  ab o u t know ledge (Perry, 1981). Shifting th e  focus from in te rind iv idual 
d iffe ren ces  to  in tra individual d iffe ren ces reo rien ted  th e  ta sk  of th e  B ureau  of S tudy  Council 
tow ards m apping th e  developm enta l p ro c e s s  of th e  intellectual im pact of th e  co llege  experience.
During two d e c a d e s , re sea rch  co n ducted  a t H arvard an d  Radcliffe C olleges found that th e  
intellectual and  eth ical developm ent of s tu d en ts  followed a  com m on path , o n e  tha t le a d s  from an 
initial b e lie f in a  re la tively  rigid "dualistic" v iew  of kn o w led g e  to  a  po in t of p e rso n a l 
com m itm en t to a  spec ific  s e t  of ep is tem o lo g ica l be lie fs  within a  relativ istic w orld (Perry, 
1968, 1970, 1981). P erry  (1981) likened th is p ro c e s s  of d ev e lo p m en t to  B u n y an 's  allegory 
P ilg rim 's  P ro g r e s s  (1728/1939), by d escrib ing  his sc h e m e  a s  o n e  in w hich th e  s e e k e r  of 
k n o w le d g e  f a c e s  v a r io u s  e p is te m o lo g ic a l o b s ta c le s  a n d  te m p ta tio n s . T h e  resu ltin g  
d ev e lopm en ta l sc h e m e  d e sc rib ed  by P erry  co n ta in ed  nine d ifferen t "positions," e a c h  with its
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own s e t of beliefs and  assu m p tio n s abou t the na tu re  of know ledge, th e  g o a ls  of education , and  
th e  p lace  of th e  self in a  world of ideas . It h a s  b e e n  su g g e s te d  th a t the first half of P erry 's  
s c h e m e  (P ositions 1-5) d e a ls  m ore directly with is s u e s  of intellectual developm ent, and  th a t its 
prim ary focus sh ifts to e th ical a n d  m oral is su e s  during th e  se c o n d  half (King, 1978); th e  term  
ep istem ological developm ent will b e  u sed  here  a s  a  convenien t term  referring to  both a sp e c ts  of 
developm ent in th e  co llege years .
Four E p istemological O rien tations of Perry’s  S ch em e
Perry  p ro p o sed  four b road  p h a s e s  of college s tu d en t developm ent, e a c h  ch arac te rized  by a 
d ifferen t ep is tem o log ica l s ta n c e ; sim ple duality, multiplicity, relativism , and  com m itm en t in 
relativ ism  (P erry , 1970). P u t briefly, P e rry 's  s c h e m e  tr a c e s  s tu d e n ts ' e p is tem o lo g ie s  from 
th e  initial belief th a t know ledge is a  m atte r of ob tain ing  th e  "right facts" ab o u t th e  world 
(s im p le  d u a lism ), th ro u g h  th e  su sp ic io n  th a t k n o w led g e  is ju s t a  m a tte r  of op in ion  
(multiplicity), th rough  th e  rea liza tion  th a t so m e  op in ions or th eo rie s  a re  m ore  sa tisfy ing  or 
"right" than  o th e rs  (relativism ), to  th e  rea liza tion  th a t co n tin u ed  m aturity  re q u ire s  ten ta tiv e  
yet strong  d ec is io n s  b e  m ad e  regard ing  th e  n a tu re  of know ledge in th e  fa c e  of uncertain ty  
(com m itm ent in relativism ).
S im ple D ualism  fPositions 1-21. Perry found th a t the beliefs of th e  entering  co llege stu d en t 
h av e  a  tendency  to s tre s s  th e  certain ty  of know ledge, especia lly  the  "expert" know ledge found 
in th e  co llege c lassroom . As a  result, s tu d e n ts  holding dualistic be liefs view their role in th e  
ed u ca tiv e  p ro c e s s  a s  largely a  p a ss iv e  o n e  in w hich o n e  m ust "work hard, read  every  word, 
an d  lea rn  th e  R ight an sw ers*  (Perry , 1981, p. 79) th a t certified  au th o rities  provide. T he 
g e n e ra l charac te ris tic  of this s ta n c e  is th e  belief th a t know ledge is divided "into two rea lm s— 
G ood v e rsu s  B ad, Right v e rsu s  W rong, W e v e rsu s  They* (Perry , 1981, p. 79). Perry v iew s 
this ep istem ological orientation  a s  o n e  th a t e n a b le s  s tu d e n ts  to  tem porarily c re a te  o rder ou t of 
th e  diversity of th e  educational a tm o sp h e re  of a  m o d em  liberal a rts  co llege.
Multiplicity o r C om plex D ualism  fP o s itio n s  3-51. S tu d e n ts  w ho initially hold dualistic  
be lie fs, acco rd ing  to  Perry , so o n  modify them  a s  th e  re su lt of ex p o su re  to  th e  pluralistic
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intellectual and  social con tex ts of th e  university. T he ch a llen g es to dualism  from the classroom  
and  th e  dorm itory lead s  dualistic s tu d e n ts  to question  th e  certain ty  of a t le a s t so m e  a re a s  of 
know ledge, a n d  th e re fo re  question  th e  validity of au tho rities ' expert know ledge. Perry  found 
that th is  com plexity of belief can  b e  s e e n  in s tu d e n ts ' skeptical view of truth in certa in  a re a s  of 
inquiry, su ch  a s  th e  hum anities and  social sc ie n c e s , bu t not o thers, su ch  a s  th e  physical and  
n a tu ra l s c ie n c e s . H ow ever, a s  s tu d e n ts  co n tin u e  to  re je c t th e ir  d u a lis tic  a s su m p tio n s , 
multiplistic ep istem ological orien tations ap p e a r  a s  s tu d en ts  begin to em b race  th e  ex is ten ce  of a  
plurality of valid know ledge claim s, ch a rac te rized  by the  belief th a t "every o n e  h a s  a  right to 
his own opinion; none  can  b e  called  wrong" (Perry, 1981, p. 80).
R e la tiv ism  fP o s itio n s  6-71. T he third ep is tem o lo g ica l o rien ta tio n  in P e rry 's  sc h e m e  
a p p e a rs  a s  s tu d e n ts ' find tha t a  multiplistic "anything g o es"  s ta n c e  fails to  so lve the problem  of 
knowing; they  beg in  to  realize that, a lthough certain ty  is unatta inab le , useful judgm en ts c an  b e  
m ad e  concern ing  th e  relative accu racy  of various com petito rs. By referring  to  th is period a s  
relativistic. P erry  e sc h e w s  th e  com m on n eg a tiv e  co n n o ta tio n s  of th e  term , se e in g  them  a s  
m ore app ro p ria te  for describ ing  th e  struc tu re  of multiplistic thought. His definition of th e  third 
d ev e lo p m en ta l position  d e sc r ib e s  relativism  a s  th e  belief in "a plurality of p o in ts  of view, 
in terp re ta tions, fram es of re fe ren ces , value sy s te m s  an d  co n tin g en c ies  in w hich th e  structural 
p ro p e r tie s  of c o n te x ts  an d  form s allow  for v a rio u s  s o r ts  of a n a ly s is , c o m p a riso n  and  
e v a lu a t io n "  (Perry , 1970, G lossary , e m p h a s is  ad d ed ). A cen tra l a s p e c t of th is relativistic 
ep istem ological orientation  can  b e  s e e n  in a  s tu d e n t's  apprecia tion  of th e  con tex tual na tu re  of 
know ledge, en ab ling  th e  evalua tion  of com peting  know ledge c la im s in light of their specific 
c o n te x t.
C o m m itm en t in R e la tiv ism  fP o s itio n s  8-91. T he  prim ary  d ev e lo p m e n ta l re su lt of 
ep is tem olog ica l relativism  lies in its ability to  allow  s tu d e n ts  to  e x e rc ise  p e rso n a l ch o ice  and  
com m itm ent in the  fa ce  of uncertain ty . P e rry 's  d e sc r ib e s  th is a s  th e  "p ro cess  of orienting the  
se lf in a  re la tiv e  w orld’ th a t in v o lv es "a  c o n sc io u s  . . . re a liz a tio n  of iden tity  a n d  
responsibility" (Perry , 1970, G lossary ). Finding th is ep is tem o log ica l s ta n c e  in s tu d e n ts  n ea r
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th e  e n d  of their co lleg e  c a re e r s , Perry  (1970) v iew s su ch  p e rso n a l com m itm en t a s  the 
app rop ria te  re sp o n se  to societal d em an d s  of th e  post-co llege  world, including the d em an d s  of 
c a re e r , lifestyle, an d  even  religious, philosophical and political belief. O n e  critical a sp e c t of 
com m itm ent in relativism , how ever, is its ten ta tiv en ess . O ne of P e rry 's  s tu d e n ts  vo ices this 
critical a sp e c t by saying that "you constan tly  have  tim es of doubt and  ten s ion  . . . [which is] a 
natural thing in existing and  being open , trying to un d ers tan d  the world . . . [and] the people 
a round  you’ (Perry , 1981, p. 95).
With a  concluding irony, Perry d esc r ib es  the  "final* position in his sc h e m e  a s  one  in which 
p a s t ep is tem olog ical is su e s  a re  revisited: p erso n a l com m itm ent m ay resu lt in the  resurrection  
of certa in  beliefs found in earlie r positions. In profound s e n s e , Perry view s his developm ental 
sc h e m e  a s  a  recursive one, and  in his later work c h o se  to desc rib e  it in geom etric  te rm s of a 
’helix, p e rh ap s  with an  expanding radius to show  that w hen w e face the 'sam e ' old is su e s  we do 
so  from a  different an d  b ro ad e r persp ec tiv e ’ than  befo re  (Perry, 1981, p. 97)
Applications and  E xtensions of P erry 's  S ch em e
As o n e  of the m ore influential investigations of cognitive developm ent in la te  ad o lescen ce , 
P erry ’s  work on th e  developm ent of individual ep is tem o log ies  h a s  found th e  g re a te s t influence 
in th e  a r e a s  of g e n e ra l p ra c tic e  in h ig h er ed u c a tio n  (K itchener, 1982; W idick, 1977), 
curriculum  d es ig n  (H effernan, 1975; S te p h e n so n  & H unt, 1977), a n d  c a re e r  deve lo p m en t 
(K nefelkam p & S lep itza , 1976; T ouchton , W ertheim er, Cornfield, & H arrison, 1977). Along 
with th e s e  applications, a  g rea t dea l of effort h a s  b een  pu t to  the ta sk  of developing m easu res  
tha t a s s e s s  intellectual growth along P erry 's  sch em e .
Even with ju s t a  cursory  review  of re sea rch  devo ted  to  P erry 's  sc h e m e  (M oore, 1991), it 
is not difficult to s e e  tha t a  huge em p h as is  h a s  b een  p laced  upon developing reliable and  valid 
m e a s u re s  of P e rry 's  positions. P erry  originally c o n stru c te d  a  90-item , se lf report s c a le  for 
m easuring  epistem ological orientation called  the C hecklist of E ducational Views or CLFV (Perry, 
1968), reported  initial su c c e s s  with it, but later aban d o n ed  it in order to  u se  a  m ore qualitative
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and  flexible interview  protocol. B ec a u se  of a  g rea t dea l of re so u rce  d e m a n d s  (i.e., tim e and 
financia l) incu rred  by tra in ing  in te rv iew ers  an d  co n d u c tin g  th e  in te rv iew s th e m se lv e s , 
num erous a ttem p ts  have  b een  m ade  to d eve lop  w ritten form s of the Perry  interview, including 
K nefelkam p (1974) and  W idick's (1975) K neW i. M oore's M easu re  of In tellectual D evelopm ent 
(1982a), an d  m ost recen tly  B axter M agolda an d  P o rterfie ld 's  M easu re  of E p is te m o lo g ic a l 
R e f le c tio n  (1985, 1988). E ach  of th e s e  h a s  ach iev ed  v arious levels of su c c e s s , an d  they 
cu rren tly  rem a in  th e  in s tru m e n ts  of c h o ic e  for m e a su rin g  e p is te m o lo g ic a l o rien ta tio n  
th roughou t th e  c o u rse  of s tu d e n ts ' co llege  c a re e rs . A lthough P erry  an d  m any o th e rs  have 
m oved  aw ay  from th e  u se  of s tan d a rd  ob jec tive  m e a s u re s  of ep is tem o lo g ica l o rien tation , 
sev e ra l re s e a rc h e rs  h ave  found som e s u c c e s s  In using  sh o r te n e d  v e rs io n s  of the C LE V  to 
m e a s u re  leve ls of dualism  in co llege  s tu d e n t s a m p le s  (R yan, 1984a; 1984b; W ilkinson & 
S ch w artz , 1987).
T heore tica l E x tensions
In add ition  to inspiring w ork on a s s e s s m e n t ,  P e rry 's  c o n c e p tio n s  of ep is tem o log ica l 
d e v e lo p m e n t h av e  b e e n  theo re tica lly  re fined  in th e  w ork of s e v e ra l d e v e lo p m en ta l and  
ed u ca tio n a l p sycho log ists  by em phasiz ing  e ith e r the intellectual o r e th ica l d im ensions of late- 
ad o le sc e n t and  adult developm ent. The work of K itchener, King, and  their co lleag u es  (King, 
K itchener, D av idson , P ark er, & W ood, 1983; King, K itchener, & W ood, 1991; K itchener, 
1983; K itchener, 1986; Mines, King, Hood, & W ood, 1990) on th e  R eflective Ju d g m en t m odel 
narrow s th e  focus of P e rry 's  m odel from g e n e ra l in tellectual is s u e s  to  th e  specific "w ay a 
p e rso n  re a s o n s  to a  conclusion  abou t p rob lem s th a t d o  no t h av e  verifiable right and  w rong 
an sw ers*  (M ines, King, H ood, & W ood. 1990, p. 539). S u ch  'ill-s tru c tu red *  p ro b lem s 
(C hurchm an , c ited  in K itchener, 1983) a re  typically o n e s  in w hich ‘th e re  is not a  sing le , 
u n eq u iv o ca l so lu tion ,*  bu t ra th e r  *a so lu tion  m u s t b e  c o n s tru c te d  by  in teg ra tin g  an d  
syn thesizing  d iverse  d a ta  and opinion* and  choosing  ‘which s e t of theoretical assu m p tio n s b e s t 
fit th e  p rob lem  a n d  ev id e n c e  a t hand* (K itchener, 1983, p . 224). S im ilar to P e rry 's  
conclusions, p roponen ts of the Reflective Judgm en t m odel describe  a  developm enta l se q u e n c e  of
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a ssu m p tio n s  an d  s t ra te g ie s  for d ea ling  with ill-structured  p ro b lem s tha t cu lm in a tes  in the 
ac tive 'p ro c e s s  of critical inquiry an d  syn thesis*  of fac ts  an d  a ssu m p tio n s  (K itchener, 1986, 
pp  78-79).
Following K ohlberg 's work in m oral d ev e lopm en t theory  (1981, 1984) re cen t a ttem p ts  to 
re e x a m in e  th e  n a tu re  of la te -a d o le sc e n t a n d  adu lt m oral e x p e rie n c e  h a v e  re su lted  in a 
r e a s s e s s m e n t  of the  e th ica l d im en sio n s  of P e rry 's  sc h e m e . U sing P e rry 's  s c h e m e , the 
theoretical collaboration of Gilligan, Murphy, and  T appan  on m oral developm ent during this time 
of life (Gilligan & Murphy, 1979; Gilligan, Murphy, & T appan , 1990; Murphy & Gilligan, 1980) 
p rov ides a  point of co n v e rg en ce  on th e  is s u e s  of ju s tice  (K ohlberg, 1981, 1984) an d  ca re  
(Gilligan, 1977). P e rry 's  work is cited  by Gilligan, Murphy, a n d  T ap p an  (1990) a s  ev id en ce  
that, in adu lthood , m oral 'restru c tu rin g  is b a s e d  upon th e  ep istem ological recognition th a t life 
ch o ice s  a re  m ad e  in a  world of re lationsh ips . . . [and] form s th e  b a s is  for an  expanding  adult 
ethic th a t e n c o m p a sse s  em pathy  . . . and  understand ing , thereby  joining re sp ec t with re sp o n se  
in bringing morality into th e  con tex t of hum an re la tio n sh ip s ' (p. 224).
In addition to using P erry 's  sc h e m e  to a ttem pt to reso lve  the  is su e  of g en d er d ifferences in 
m oral d eve lopm en t, T appan  (1989) h a s  com bined  a s p e c ts  of literary criticism , herm enuetica l 
interpre tation , and  constructiv ist a cco u n ts  of persona l narra tives to  a d d re s s  th e  developm enta l 
na tu re  of m oral thought during the transition to adulthood. T hrough th e  exam ination  of s tu d en ts  
's t o r i e s ’ of th e ir  first y e a r  in c o lleg e , T a p p a n  c o n c lu d e d  th a t la te  a d o le s c e n t m oral 
d ev e lo p m en t is b e tte r  d e sc r ib e d  by th e  'ironic* narra tive  s tru c tu re  of P e rry 's  sc h e m e  (i.e., 
one  th a t e m p h a s iz e s  that th e  ev en tu a l uncertain ty  of in tellectual and  m oral claim s) than  the 
"romantic* narra tiv e  s tru c tu re  em bod ied  in K holberg 's theory  (i.e., o n e  th a t e m p h a s iz e s  the 
atta inm en t of an  ad v an ced  moral perspective). This u se  of P erry 's  sc h e m e  in the realm  of late 
a d o le scen t m oral reason ing  m ay provide an  av en u e  for improving th e  understand ing  of moral 
d evelopm ent in la te r life, an  a re a  of w eak n ess  acknow ledged  by K ohlberg him self in his later 
w ritings (e .g ., K ohlberg & R yncarz, 1990).
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A R em aining Q uestion  abou t Perry 's  S chem e: T he Transition from D ualism  to Multiplicity
At le a s t o n e  com m en ta to r h a s  d e sc rib ed  't h e  m ost fu ndam en ta l tran sition  in [P erry 's] 
schem e*  a s  th e  one  involved in 'm ov ing  from a  primitive concep tion  of know ledge a s  an 
unorganized  se t of d iscre te  and  abso lu te  truths to  a  m ore m atu re conception of know ledge a s  an  
array  of in te rp re ted  and in teg ra ted  propositions" (R yan, 1984b, p. 1227). D esp ite  its critical 
im portance in P erry 's  sch em e , the p ro c e s s  of th e  breakdow n of dualistic though t h as not b een  
sy s tem a tica lly  exam ined . This m ay stem  from th e  difficulty of identifying p u re  'd u a lis ts*  
am ong  first-year co llege s tu d e n ts  (P. M. King, p e rso n a l com m unication , N ovem ber 10, 1991) 
and  th e  finding, after a  d e c a d e  of re sea rch , that th e  av e rag e  first-year studen t ap p ea red  to be  
developm en ta lly  a h ead  of P e rry 's  original co h o rts  (Perry, 1981). A lthough so m e  have had  
little s u c c e s s  finding su ch  p u re  d ua lis ts , recen t re se a rc h  h a s  show n that a fte r m ore than  20 
y e a rs  of re s e a rc h  on P e rry 's  sc h e m e , m any first-year s tu d e n ts  co n tin u e  to  su b sc rib e  to 
certain  a s p e c ts  of ep istem ological dualism  (B axter M agolda, 1990).
G iven th a t th e  s e e d s  of later developm ent beg in  to tak e  root in the initial transition from 
d ualism  to multiplicity, w h a t is em pirically  know n ab o u t th is tran sitio n ?  A lthough P erry  
sk e tch ed  out th e  typical w ays in which the breakdow n of dualism  is a c c e le ra te d — through th e  
influence of d iv e rse  opinions of p e e rs  and  uncerta in  claim s m ade  by intellectual authorities— 
little is know n ab o u t th e  ac tu a l p sycho log ica l e x p e rie n c e  of s tu d e n ts  in th e ir  'fall* from 
ep is tem o log ica l 'g race .*  2  For exam ple, what is th e  em otional im pact of this transition? Are 
s tu d e n ts  h ap p ie r, d is ap p o in ted , m ore  co n fu sed , o r e v en  re lieved  by th e  im plications of 
question ing  of intellectual uncertain ty? In b roader term s, how  might the  affective dim ension of
2 In o n e  of P e rry 's  favorite m etaphors, he e q u a te s  th e  breakdow n of dualism  with the Biblical 
ta le  of Adam  an d  E ve's tem ptation and sin:
Indeed th e re  is so  little tha t is novel about it th a t one finds a lm ost a  full ex p ression  [of this 
transition] in the Book of G enesis . . . .  It w as, after all, th e  se rp en t who po in ted  out that th e  
A bsolute (the truth abou t good an d  evil) w as d istinct from th e  Deity and  m ight therefore b e  
know n independen tly— w ithout H is m ediation. The Fall c o n s is te d  of m a n 's  taking upon  
him self, a t th e  se rp en t's  suggestion , the know ledge of v a lu e s  and  therefore th e  potential of 
judgm ent. (Perry, 1970, p. 60)
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s tu d e n ts  transition  to co llege b e  influenced by their ep istem ological d ev e lo p m en t?  A nsw ers to 
th is q u es tio n  and  sim ilar o n e s  will beg in  to p rov ide a  m ore de ta iled  view  of th e  p e rso n a l 
d im ensions of epistem ological developm ent am ong college studen ts.
Affect and  P e rsonality in th e  B reakdow n of Dualistic Epistem ological O rientations
B ecau se  Perry and  his co lleagues have  left a  m ajor is su e  u n ad d ressed  in their re sea rch —the
im p ac t of th e  tran s itio n  from  duality  to m ultip licity— th e  e x te n t to  w hich in te llec tu a l
developm ent is a sso c ia te d  with o ther a re a s  of developm ent in unknow n. In their review of p as t
re sea rch  on P erry 's  sch em e , B axter M agolda and  Porterfield  s tre s s  that
"exploring re la tionsh ip s be tw een  intellectual d ev e lopm en t and  o ther ty p es  of developm en t 
is . . . e ssen tia l. M ost developm enta l th eo ris ts  would a g re e  th a t s tra n d s  of developm ent 
a re  intertw ined and  tha t clarifying th e s e  co n n ec tio n s w ould e n h a n c e  our unders tand ing  of 
individual s tra n d s  a s  well a s  overall dev e lo p m en t. P sy ch o so c ia l, affective, m oral, and  
personality  deve lo p m en t a re  a  few logical a re a s  to b e  p u rsu ed  in relation  to intellectual 
developm ent. (1988, p. 62)
In addition , P e rry 's  own theore tica l s ta te m e n ts  ab o u t his sc h e m e  (1970, chap . 4, 1977, 
1981) ra ise  a  nu m b er of q u e s tio n s  ab o u t th e  ro le  of o th e r p sycho log ica l d o m a in s  in la te  
a d o le s c e n t in te llec tu a l d e v e lo p m en t. T his re s e a rc h  will a d d re s s  B ax te r M ago lda  and  
P o rterfie ld 's  co n ce rn  by exam ining  th e  s tra n d s  of d ev e lo p m en t th a t link affect, personality , 
and  ep is tem ology  in first-year co llege  s tu d e n ts ' ex p erien ce .
Eoistem olooical D evelopm ent and  Affect
I will e x a m in e  th e  ro le  of affec t in th e  p ro c e s s  of ep is tem o lo g ica l d e v e lo p m e n t by 
m easu rin g  th e  quality  of s tu d e n ts ' m ood s ta te s  a s  th ey  a c c o m m o d a te  the ir th e o r ie s  of 
know ledge. By th is, I will a d d re s s  the following: Is th e  cognitive restructu ring  acqu ired  in
m oving from  d u a lis tic  to  m ultiplistic  e p is te m o lo g ie s  a c c o m p a n ie d  by c e rta in  em o tio n a l 
e x p e r ie n c e s?
C ognitive b a lan c e  or co n sis ten cy  theory, w hich c a m e  to  p rom inence  in socia l psychology 
through th e  work of F estinger (1957) and  H eider (1958), p red ic ts a  positive relation be tw een  a 
n eed  for cognitive restructuring  and  nega tive  affect. In its various form s, th is theory  cen te rs  
on th e  psychic d is so n an ce  c rea ted  by holding incom patible cognitions. For exam ple, if a  studen t
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believes tha t hard  work is the basic  requ irem en t for s u c c e s s  in co llege, s h e  m ay ex perience  
anxiety  w hen  a  ro o m m ate  rece iv e s  a  b e tte r  g rad e  on a  sim ilar a s s ig n m e n t tha t took her 
room m ate half a s  long to com plete . If the belief that effort lead s  to su c c e s s  (or o ther dualistic 
a tt itu d e s  su c h  a s  th e  a s s u ra n c e  of right a n sw e rs  an d  tru s t in e x p e r t a u th o ritie s)  is 
d iscon firm ed  by th e  p lu ralistic  in te llec tual a n d  so c ia l m ilieus of th e  university , s tu d e n ts  
exhibiting g re a te r  duality should  also  report g rea te r anxiety and  m ore negative  mood sta te s . 
Epistem ological D evelopm ent and  Personality
The seco n d  psychological dom ain  I will exam ine in relation to epistem ological developm ent 
will be  broad ly  defined  a s  personality , an d  will include two specific  d im en sio n s of s tu d en t's  
personality : to le rance  of am biguity and  locus of control.
As a  persona lity  co n stru c t, to le ran ce  of am biguity  can  b e  defined  a s  th e  ten d en cy  to 
perce iv e  am b iguous s itua tions a s  u n th rea ten ing  (B udner, 1962, cited  in Kirton, 1981). In a 
review  of th e  developm ent and  u se  of to le ran ce  of am biguity sc a le s , it h a s  b een  found to be  
negative ly  a s s o c ia te d  with a  num ber of personality  m e a s u re s , including d o gm atism , rigidity, 
and  hind-sight b ia s  (B uchanan , 1986), This finding su g g e s ts  that to le ran ce  of ambiguity m ay be  
part of a  m ore g lobal personality  factor, o n e  resem bling  an au thoritarian-dem ocratic  d im ension 
(J. D. M ayer, p erso n a l com m unication, A ugust 13, 1991).
P e rry 's  descrip tion  of th e  ea rlie s t s ta g e s  of in tellectual d ev e lopm en t in co llege  s tu d en ts , 
an d  prim arily h is notion  of ep is tem o log ica l dualism , is theo retically  sim ilar to m uch of the 
original work on au tho ritarian  personality  (A dorno, Frenkel-B runsw ick, L evinson, & S tanford, 
1950) a n d  in to lerance  of am biguity  (Frenkel-B runsw ik, 1949). T herefo re , I will ex am in e  the
re la tionsh ip  b e tw een  ep is tem o log ica l o rien tation  an d  to le ran ce  of am biguity  a s  o n e  w ay of
linking P e rry 's  work to  b ro a d e r  no tions of p e rsona lity  d ev e lo p m en t. A m ong s tu d e n ts  who 
exh ib it a  c h a n g e  in ep is tem o lo g ica l o rien ta tio n , I e x p e c t to  find a  c o n s is te n t n eg a tiv e  
correlation b e tw een  dualism  and  to le rance  of am biguity over time. In o ther w ords, a s  s tuden ts  
begin  to tak e  on m ore multiplistic beliefs ab o u t th e  n a tu re  of know ledge, I ex p ec t them  to
b ecom e m ore to leran t of am biguous situations and  sta tem en ts .
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To a d d re s s  th e s e  is s u e s  d e v e lo p m e n ta l^ , th is  r e s e a rc h  will e x a m in e  th e  ch an g in g  
re la tio n sh ip s  am ong  affective ex p e rie n c e , am biguity  to le ra n c e  a n d  individual ep is tem ology  
during th e  initial transition  to co llege . H ow ever, b e c a u s e  of th e  com plexity  of exam in ing  
p sy cho log ica l c h a n g e  a t s e v e ra l levels, d ifferen t m ethodo log ica l a p p ro a c h e s  n e e d  to be  
com bined in order to  investigate  the natu re  of ep istem ological developm ent.
C onceptualizing the P ro ce ss  of Epistem ological D evelopm ent: C hange  V ersus Growth
O n e  of th e  m ost difficult a s p e c ts  of exploring the d e ta ils  of P e rry 's  sc h e m e  em pirically
c en te rs  around  his conceptualization  of developm ent. Although he  co n ten d s  that "the seq u en ce
of s truc tu res w e o b se rv e  in our d a ta  qualifies a s  a  'developm ental' p a ttern  in th e  specia l s e n s e
. . . of an  orderly p ro g re ss  in w hich m ore com plex form s a re  c rea ted  by th e  differentiation and
re in teg ra tion  of earlie r, sim ple fo rm s’ (Perry, 1970, p. 44), h e  is quick to  o b se rv e  th a t his
notion  of ep is tem o lo g ica l d ev e lo p m en t d o e s  no t n e c e ssa rily  imply a  linear su c c e s s io n  of
's t a g e s ’ in th e  s e n s e  of P iag e tian  and  K ohlbergian  m odels of d ev e lo p m en t. R ather, Perry
a rg u e s  th a t in te llec tual and  e th ica l d ev e lo p m en t is b e tte r  d e sc r ib e d  with an  ’ E m esh ing
M etaphor’ (1977, p. 51) of recu rsive  ch ange :
T he s tru c tu re  of a  m etap h o r of [epistem ological] grow th m ust . . . con ta in  a t le a s t the 
com plexity of a  helix in w hich th e  s a m e  g round  m ay b e  trav e rsed  a t h igher levels— and 
hopefully from b ro a d e r p e rsp ec tiv es.
I do  not know th e  geom etrical nam e for a  helix with an  increasing rad ius a s  for exam ple 
a  tornado. Let u s  su p p o se , how ever, tha t w e tak e  the p re sen t [’linear*] sc h e m e  and  twist 
it round into such  an  expanding  spiral in which it would b e  ’m ore advanced*  to  b e  wrestling 
with Position 1 the  seco n d  or third tim e around  than  with Position 9 th e  first tim e around. 
T hen add  to this th e  n e c e ssa ry  ’horizontal decalage .*  I'm su re  th a t th e  m etaphor will give 
a  b e tte r fit and  tha t this is th e  kind of theory w e m ust learn  to u se . (Perry, 1977, pp. 51- 
5 2 )
In his 1981 review  of his sch em e , Perry again  e x p re sse d  his concern  abou t the
limits of th e  linear struc tu re  em b ed d e d  in th e  m etapho r of our journey. W e have followed 
our s tu d e n ts  in the ir cum ulative expansion  of th e  m ean ings of their w orlds. O ur m ap  of 
their ad ven tu re  h a s  required  only two d im ensions, for in th e  tim e a t the  s tu d e n ts ' d isposal 
they could trav e rse  his ’Pilgrim 's P ro g re ss ’ only once . But any  ad u lts  w ho h av e  pe ru sed  
th e  d ia r ie s  of their te e n s  know  well th a t grow th and  d isco v erie s  a re  recu rsive . W e a re  
shocked  a t finding w e ’knew* a t six teen w hat w e d iscovered  yesterday . H ave w e just been  
going around  in c irc les?  Yet the 'sam e*  is su e s , faced  over and  over again , m ay not really 
b e  the sam e.
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P e rh a p s  th e  b e s t m odel for grow th is ne ither th e  s tra igh t line nor th e  circle, but a 
helix, p e rh ap s  with an  expanding  radius to show  that w hen w e face th e  'sam e*  is su e s  w e do 
from a  different and  b ro ad e r perspective . (Perry, 1981, p. 97)
O n e  of the cen tra l resu lts of this conceptualization  of developm ent involves the definition of
w hat is m ean t in P erry 's sc h e m e  by the term s d e v e lo p m e n t, g row th , and  c h a n g e . As se e n  in 
the q u o te  above. Perry view s his sch em e a s  developm ental and  involving "growth" in the very 
b road  s e n s e  of increasing  com plexity. H ow ever, th e  actua l p ro c e s s  of ch an g e  tha t underlies 
this deve lopm en t is not a s  easily  described . In read ing  P erry 's  accoun t of the typical college 
s tu d en t's  intellectual developm ent, w hat d o e s  ap p e a r  is th e  idea tha t ep istem ological ch an g e  is 
ch a rac te rized  by a  type of "bouncing around" am ong inconsis ten t c la im s ab o u t th e  na tu re  of 
know ledge. D rawing from th e  work of R iegel (1973), for exam p le , Perry  ack now ledges the 
dialectical na tu re  of adult thought. D oes this concep tion  of developm ent, how ever, result in a 
m odel that d e sc rib e s  developm ent that is m ore like ch an g e  and  le s s  like grow th?
P e rh a p s  one  w ay to un d ers tan d  P erry 's  sch em e  is to em p h as ize  th e  im portance of viewing
epistem ological developm ent a s  a  p ro c e s s  th a t occurs a t two levels, on e  being th e  transitions
from o n e  position to an o th e r and  one  being  the overall d ev e lo p m en ta l p ro g re ss  a s  various 
ep is tem o log ica l o rien ta tio n s  a re  a tta in ed . In su ch  a  view , an  ind ivdual's  ep is tem o log ica l 
journey follows a  p a th  defined by both m icrogene tic  c h a n g e  and  m ac ro g en e tic  grow th (M. B. 
T ap p an , p e rso n a l com m un ica tion , April 2, 1992). In o th e r w ords, th e  id e a  of overall 
deve lopm en t a s  a  function of m icrogenetic ch an g e  an d  m acrogene tic  grow th is sim ilar to  the 
notion of a  p lan e t moving along its orbit by com pleting  a  s e r ie s  of sm aller elliptical orbits. 
Such a  com plex m etapho r aco o m o d a tes  both the n e c e ssa ry  recursive na tu re  of ep istem ological 
d ev e lo p m en t d e sc rib ed  by P erry , while at th e  s a m e  tim e retain ing  its th e  g en e ra l notion of 
developm ental grow th a s  a  the  result s tu d en ts  "making m ean ing ’ within a  pluralistic society.
G iven the unconventional concep tion  of deve lopm en t th a t a r is e s  ou t of P e rry 's  sch em e , 
em pirical investiga tions of ep is tem olog ical d eve lopm en t m ust b e  ab le  to  acco m m o d a te  such  
"twists" and  "tu rns’ in their cho ice  of m ethodology, both a t th e  level of re se a rc h  d esign  and  
statistical analysis. Although P erry 's sch em e  ap p e a rs  to p re sen t a  unique se t of m ethodological
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Iis su es , it will b e  show n in th e  following section  tha t m uch, if not all. of developm ental research  
is faced  with dealing  with the p roblem s of appropriately  m easuring  and  analyzing psychological 
change.
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II. MEASURING PSYCHOLOGICAL DEVELOPMENT: METHODOLOGICAL QUESTIONS AND ANSWERS
O ne In teresting  a sp e c t of the history of m odern  scientific psychology  is tha t it can  largely 
b e  told a s  a ta le  of th e  evolution  of m ethodology. W undt's  p ioneering  u se  of contro lled  
introspection (Hilgard, 1987), F reud 's  analysis of the unco n sc io u s using d ream  ana ly s is and the 
clinical interview  (S hakow  & R ap ap o rt, 1964), and  C atte ll giving A m erican  p sycho logy  its 
c h a rac te ris tic  focus on  individual d iffe ren ces by deve lop ing  th e  psycho log ica l te s t  (Sokal. 
1987) a re  ju s t a  few  ex am p le s  of th e  w ay in w hich m ethod  h a s  inform ed the  p rac tice  of 
psychological sc ien ce . The study of hum an deve lopm en t is no different: a s  McCall (1977)
outlined m ore than a  d e c a d e  ago, the m ajor ch a llen g es to developm ental psychology continue to 
b e  essen tia lly  m ethodological in natu re . A sum m ary  of th e s e  c h a llen g es  is p re se n te d  in the 
following q u es tio n : how  c a n  p sy ch o lo g is ts  in te re s te d  in d ev e lo p m e n ta l p ro c e s s e s  b e s t
m e a su re , d e sc r ib e , a n d  acco u n t for c h a n g e  in indiv iduals ' ab ilities, a ttitu d es , be liefs an d  
b e h a v io rs?
B ecau se  the m ajor focus of the resea rch  p re se n te d  h ere  d e a ls  directly with answ ering  this 
question , th is section  will d isc u ss  severa l specific p rob lem s facing th e  m easu rem en t of change , 
a d d re s s  th e  lim itations of conven tional m ethodo log ies for analyz ing  ch a n g e , an d  p re se n t a 
descrip tion  of a  recen t m ethodological im provem ent in th e  m e asu rem en t of ch an g e , individual 
grow th modeling. It addition, I will a rg u e  th a t individual grow th m odeling currently  is the b e s t 
m ethod for ad d ressin g  th e  dynam ic natu re  of psychological p ro c e s se s .
Traditional P roblem s in Analyzing C h ange  in Psychological C onstructs 
In e a c h  of the p a s t  th ree  d e c a d e s , deve lopm en ta l m ethodo log ists  an d  re s e a rc h e rs  h ave  
con tinued  to  d is c u ss  th e  p roblem s inherent in investigating c h a n g e  in psychological constructs . 
F rom  th is v a s t li te ra tu re , th re e  re p re se n ta t iv e  a u th o rs  p ro v id e  d is tin c t y e t c o n g ru o u s  
s ta te m e n ts  regard ing  both th e s e  prob lem s an d  p o ss ib le  a v e n u e s  to their solution: B ereiter
(1963), McCall (1977), and  R o g o sa  (1988).
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B ereiter's (1963) T hree P ersisting  D ilem m as in M easuring C hange
In o n e  of the  first a ttem p ts  to bring m ethodologists to g e th e r to solely d is c u ss  the problem s 
a s s o c ia te d  w ith m e a s u r in g  p sy c h o lo g ic a l c h a n g e ,3 B ere ite r (1963) a rg u e d  th a t m any 
developm enta l p ro c e s se s  g o  unstud ied  b e c a u se  of th e  lack of app rop ria te  m eth o d s of analysis. 
B ereiter be lieved  th a t w h e re a s  m any difficult a re a s  of re se a rc h  often  insp ire  c rea tiv e  w ays 
a round  m ethodo log ica l p rob lem s, th e  investiga tions of developm enta lly  o rien ted  re s e a rc h e rs  
a re  fru stra ted  by the  p e rs is te n c e  of th ree  d ilem m as: th e  over-co rrec tion— under-co rrec tion
d ilem m a, th e  un re liab ilty— invalidity d ilem m a, an d  th e  p h y s ic a lis t— su b je c tiv is t d ilem m a. 
B ecau se  e a c h  of th e s e  d ilem m as involves choosing  be tw een  'eq u a lly  un d esirab le  a lte rn a tiv es ' 
(p. 3), a  review  of their im plications for developm enta l re se a rc h  will provide a  con tex t for the 
m ethodological rationale taken  in this work.
T he O ver-C orrec tion— U nder-C orrection  D ilem m a. This dilem m a cen te rs  around  w hat s tep s 
shou ld  b e  ta k e n  to c o rrec t for the  com m on finding of a  n eg a tiv e  co rre la tion  b e tw een  raw 
ch an g e , m e a su re d  by th e  d ifference sco re , and  initial s ta tu s . B ere iter tr a c e s  th is observation  
back to a  1924 study in which Thorndike determ ined  tha t initial s ta tu s  and  the  d ifference sco re  
have  the s a m e  m easu rem en t error, y e t e a c h  h a s  a  d ifferent sign  (i.e., + or -). T he resulting 
negative  corre la tion  is, th e re fo re  not inheren t in th e  d a ta , but ra th e r a  com puta tional artifact 
p ro d u ced  by ca lcu la tin g  th e  d iffe ren ce  sc o re . B e c a u s e  of th is  s ta tis tic a l a rtifact, m any 
m ethodologists h ave  d ev ised  m ethods for a ttenuating  th is spu rious negative  correlation.
T he m ost com m on p ro ced u re  for a tten u a tin g  th e  co rre la tion  b e tw een  initial s ta tu s  and 
c h a n g e  is to com pu te  partia l co rre la tions controlling for d iffe rences in initial s ta tu s . Although 
partialing ou t th e  effec ts  of initial s ta tu s  in m ost c a s e s  le ad s  to  an  in c re a se  in th e  correlation 
b etw een  c h a n g e  and  o ther independen t m e a su re s  a s so c ia te d  with initial s ta tu s , B ereiter a rg u es
3 B ere ite r 's  c h a p te r  a p p e a re d  in an  ed ited  book b a s e d  upon th e  p ro c e e d in g s  of a  1962 
c o n fe ren ce  sp o n so re d  by th e  C om m ittee  on  Personality  D evelopm ent in Y outh of th e  Social 
S c ien ce  R e se a rc h  Council w hich included, in addition to  B ereiter, so m e  of th e  m ore no tab le  
m ethodo log ists  in psychology: R. D arrell Bock, D onald T. C am pbell, R aym ond  B. C attell,
C h este r W. Harris, W ayne H. Holtzman, and Frederick M. Lord.
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th a t it still u n d e re s tim a te s  ac tu a l population  co rre la tions b e c a u s e  "the zero -o rd e r corre la tions 
en te ring  into the  partial corre la tion  m ust b e  co rrec ted  for a tten u a tio n  b e fo re h a n d ’ (B ereiter, 
1963, p. 8). W ithout th is co rrec tion  for m ea su re m e n t error, th e  partial correlation  ap p roach  
falls short of producing unb iased  estim ato rs of co rre la tions with true ch an g e .
T he d ilem m a of o ver-co rrec tion  v e rs u s  und er-co rrec tio n , th e re fo re , invo lves a  cho ice  
be tw een  leaving c h a n g e  and  initial s ta tu s  u n a tten u a ted  which lead s  to  an  overcorrection for the 
e ffe c ts  of initial s ta tu s ,  o r perform ing a  typical partia l co rre la tio n  th a t a t te n u a te s  for a  
co m p u ta tio n a l a rtifac t bu t no t for th e  e ffe c ts  of m e a s u re m e n t e rro r. B ere ite r s u g g e s ts  
avoiding a  cho ice  b e tw een  th e s e  two unfavorable a lternatives in favor of a  third: partialing out 
th e  e ffec ts  of true  initial s ta tu s  (i.e., co rre c te d  for m e a su re m e n t erro r) from co rre la tio n s 
involving th e  d ifference sco re .
T he  U nreliabiltv-lnvaliditv  D ilem m a. B ereiter held tha t th is seco n d  dilem m a "s tem s from 
th e  fact th a t high reliability of c h a n g e  sc o re s  usually req u ire s  low te s t- re te s t correlations* (p. 
20). If in c reasin g  th e  reliability of a d iffe ren ce  sc o re  re su lts  in th e  two v a ria b le s  being 
uncorre la ted , how valid is a  d ifference sco re  b e tw een  two different th in g s?  B ereiter concluded  
th a t for m any re s e a rc h e rs  ’o n ce  it is allow ed th a t th e  p re te s t an d  p o s tte s t m e a su re  different 
things, it b eco m es em b arrass in g  to talk about change* (p. 11).
Although this m ay ap p e a r  to b e  a  serious dilem m a, B ereiter concluded  tha t it w as, in fact, a
fa lse  one. Invalidity (i.e., low correlation) is only a  c a u s e  for concern  if th e  analytic goal d ea ls  
with final s ta tu s  or outcom e; if analyzing c h a n g e  is in and  of itself th e  analytic goal, invalidity 
c e a s e s  to b e  a s  sa lien t a  concern . Drawing from an  exam ple  p re se n te d  by B ereiter (pp. 12- 
13), c o n s id e r th e  ability of two hypo thetica l s tu d ie s  of c h a n g e  to  p red ic t bo th  individual 
d ifferences in final s ta tu s  and  individual d ifferences in ch an g e . In S tudy  A, su b jec ts  a re  given a 
sp a tia l reaso n in g  te s t a s  children and  again  a s  ad o le scen ts , and  a  high correlation , i  -  .95, 
be tw een  su b jec ts ' sc o re s  a t Time 1 and  Tim e 2 is com puted . In S tudy B, a  sam ple  of factory 
w orkers is g iven a  work sa tisfaction  inventory a t  the beginning and  e n d  of a  production year,
and  a  low correlation, c -  .15, is obtained for th e  two m easu res .
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Figure 1 p re s e n ts  a  com parison  of th e  resu lts  of th e s e  hypothetical s tu d ie s  by plotting the
c h a n g e  in e a c h  pair of d ep en d en t variab les over tim e for ten  su b jec ts  from e a c h  study. As the
m agn itude  of their resp ec tiv e  co rre la tions w ould su g g es t, F igure 1 sh o w s th a t th e  rank-order
of su b jec ts  from Tim e 1 to Time 2 is m aintained in S tudy A but not in Study B. How adequately
d o e s  e a c h  study  a d d re s s  the g oa ls  m entioned ab o v e?  T he resu lts  of S tudy A a p p e a r  to  be  m ore
th a n  a d e q u a te  for p red ic ting  final s ta tu s  from  initial s ta tu s , bu t th e  high T im e 1-Tim e 2
corre la tion  re su lts  in very  little individual varia tion  in c h a n g e . B e c a u se  th e  m a in ten an ce  of
ran k -o rd er from  Tim e 1 to  T im e 2 c a u s e s  th e  individual d ifference  s c o re s  to  b e  relatively
h o m o g en eo u s , it b eco m e s  difficult to  pred ict variation tha t d o e s  not ex is t.*
T he  re s u lts  of S tudy  B, how ever, sh o w  a  su b s ta n tia l am o u n t of varia tion  in c h a n g e
c o m p a re d  to  S tudy  A.5 Allowing th e  T im e 1-Tim e 2 co rre la tion  to  b e  w eak  e n a b le s  the
d iffe rence  s c o re s  to  b e  ex trem ely  h e te ro g e n e o u s . If a  la rg e  Tim e 1-Tim e 2  corre la tion  is
req u ired  for a n  investiga tion  of c h a n g e  to  b e  valid , th e n  S tudy  B w ould b e  re je c te d  a s
m ethodo log ica lly  flaw ed. In o th e r  w ords, rigidly fixing th e  crite rio n  of T im e 1-Tim e 2
reliability g rea tly  d e c re a s e s  th e  in terindiv idual variability  of grow th. R eferring  to  re su lts
sim ilar to  th o se  from Study B, B ereiter a rg u ed  tha t
it would a p p e a r  th a t th e  critical qu estio n  is not w h eth er or not a  te s t m e a s u re s  th e  sa m e  
thing a t  tim e o n e  an d  tim e two. T he  critical q u es tio n  is w he th e r, tak ing  into acco u n t 
w h a te v e r  w e  know  ab o u t th e  m ean in g s  of s c o re s  a t tim e o n e  a n d  tim e two, individual 
d iffe ren ces in c h a n g e  on th e  te s t  a re  of any  in te re s t to  us. . . .  S ocia l sc ien tis ts  a re  
in te rested  in w hat c a u s e s  a ttitudes to  ch an g e ; and  if so m e  p eo p le 's  a ttitudes c h a n g e  in one  
d irection  u n d er sim ilar conditions and  o th e rs ' c h a n g e  in th e  opposite  direction under sim ilar 
cond itions, th is m ak e  th e  su b jec t m ore in teresting— a t th e  s a m e  tim e th a t it low ers the  
te s t- r e te s t  co rre la tion , (p. 13)
4 Theoretically , a  collection of d ifference  sc o re s  could b e  h e te ro g en eo u s  ye t still m aintain their 
re la tiv e  ra n k -o rd e r  from  initial to  final s ta tu s .  H ow ever, th is  co u ld  o c c u r  only if th e  
variability  of th e  d iffe ren ce  s c o r e s  w e re  su b s tan tia lly  sm a lle r  th a n  th e  variability  in both 
initial an d  final s ta tu s . T his w ould e n a b le  indiv iduals ' d iffe rence  s c o re s  to  differ, bu t not
"c ro ss’ w hen  d isp layed  visually (i.e., a s  in F igure 1).
5 In fact th e  v a rian ce  of the d ifference  s c o re s  in S tudy B is alm ost 3 0  tim es g re a te r  th an  in
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T h ere fo re , acco rd ing  to  B ere iter, th e  unreliability-invalidity d ilem m a  is o ften  a  fa lse  o n e  
b e c a u s e  m ost re s e a rc h e rs  m easuring  c h a n g e  a re  in te rested  in a sk in g  questions ab o u t ch ange , 
no t ju s t final s ta tu s , with th e s e  q u e s tio n s  ab o u t c h a n g e  u su a lly  in th e  form of individual 
d if fe re n c e s .
T he P hysica list-S ub jec tiv is t D ilem m a. A ccording to B ereiter, th e  third d ilem m a facing the 
a n a ly s is  of c h a n g e  is th e  o n e  le a s t likely to b e  a d d re s se d  by  developm en ta lly  o rien ted  
re s e a rc h e rs  b e c a u se  it s trikes a t th e  co re  of psychom etric  theo ry : do  we a s s u m e , ignoring 
m e a s u re m e n t erro r, th a t eq u a l c h a n g e s  in an  o b se rv e d  v a r ia b le  a t v arious po in ts  on a  
m e a s u re m e n t s c a le  co rre sp o n d  with eq u a l c h a n g e s  in the la te n t co n stru c t th a t is be ing  
m e a s u re d ?  If w e a c t is if th e re  is a  one-to -one  c o rre sp o n d e n c e  betw een  th e  o b se rv ed  and  
la ten t variab le , th en  w e  a s s u m e  a  physicalist or objectivist in terpre tation . A m ove aw ay from 
su ch  a  position resu lts  in holding to the assum ption th a t m easured  c h a n g e  and la ten t ch an g e  are, 
while no t necessarily  being mutually exclusive, to so m e  deg ree  in d ep en d en t entities. A com m on 
ex am p le  of this d ilem m a o ccu rs  w hen o n e  in terprets Likert-type re s p o n se s : can  th e  d im ension 
b e tw e e n  's tro n g ly  ag ree*  a n d  's tro n g ly  d isag ree*  b e  in te rp re te d  a s  re p re se n tin g  so m e  
c o n s is te n t (i.e., a c ro s s  individuals) interval sca le  of m easu rem en t, o r  should it b e  in terpre ted  
a s  ach iev ing  only a n  ordinal level of m e a s u re m e n t?  This in te rp re ta tio n  b e c o m e s  m ore 
com plica ted , how ever, w hen  o n e  is dealing  with m easu ring  c h a n g e , b e c a u se  in addition  to 
a ssu m in g  interindividual co n sis ten cy , o n e  is faced  with assu m in g  co n sis ten cy  o v e r tim e by 
taking a  physicalist s ta n c e .
F a r from being an  e so te ric  and  technical detail, th e  issu e  of m aking  appropria te  in ferences 
from m easu rem en t is a  cen tra l o n e  in psychom etrics. In a  rev iew  of th e  long-lasting  d e b a te  
th a t c e n te rs  on this is su e , S tine (1989) concluded  th a t 'th e  m e asu rem en t con tex t . . .  is of the 
u tm ost im portance. Perform ing so p h is tica ted  a n a ly s e s  that a re  ap p ro p ria te  for o n e  sc a le  of 
m ea su re m e n t (e .g ., in terval) on d a ta  th a t reflect le s s  struc tu red  s c a le s  (e.g ., ordinal) y ields 
n o n sen se*  (p. 154). R e se a rc h e rs  in te res ted  in exam ining change, therefo re , a re  fa ced  with the 
question  of w hether or not the  techn ique they  u se  to  m easu re  c h a n g e  requires a  cho ice  betw een
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e ith e r  a lte rn a tiv e  of th e  p h y sica lis t-su b jec tiv is t d ilem m a. B ere ite r d e s c r ib e s  th is  a s  a  
situation  in which 'o n e  h a s  the u n p lea san t option of sticking with [the] particu lar sc a le  units 
given . . . (physicalism ). o r e lse  abandon ing  the g iven units in favor of o th e rs  tha t se e m  to
conform  to so m e  underlying psychological units (subjectivism )* (1963, p. 5).
Upon reflection it is likely tha t m ost d ev e lopm en ta lis ts  hold strongly to both view s, each  
for its own pu rp o se . T he physicalist position  s e e m s  in d isp en sab le  for th e  sa k e  of p rac tice  
b e c a u se  it b e c o m e s  ex ceed in g  difficult to efficiently m e a su re  c h a n g e  if developm en ta lis ts  can  
not meaningfully com pare  ch an g e  a c ro s s  tim e and  a c ro s s  individuals. Likewise, the subjectivist 
position s e e m s  ind isp en sab le  for th e  sa k e  of theory  b e c a u s e  d ev e lo p m en ta lis ts  im agine that 
la ten t psycholog ical en tities  develop  independently  of the m e a su re m e n t of ch an g e . B ecau se  
th e s e  two p o s itio n s  a re  im portan t a t d iffe ren t lev e ls  of th e  in v es tig a tiv e  p ro c e s s ,  the 
physicalist— subjectiv ist dilem m a, in d e fe ren ce  to  B ereiter's  conclu s ions to the  opposite , is not 
unlike its p re d e c e s so rs . It too can  b e  view ed a s  a  fa lse  d ilem m a b e c a u se  of the utility of
assu m in g  both; in the  c la ssica l p ragm atic  view (Ja m e s , 1907/1987; M cDerm ott, 1976), doing
so  allows u s  to continue asking productive questions abou t developm ent.
Although I would a rg u e  tha t developm enta lis ts  w ho c h o o se  to  hold both positions s tan d  on 
firm ph ilo soph ica l g round , turning to the  se c o n d  re p re se n ta tiv e  au th o r  in th e  continu ing  
d isco u rse  regard ing  th e  p rob lem s in m easu ring  ch an g e , o n e  finds tha t, until th e  m id-1970 's, 
se r io u s  c h a lle n g e s  still faced  the investigative an d  m ethodological p rac tice  of developm enta l 
psycho logy .
M cCall's 119771 Critique of N an-D evelopm ental 'D ev e lo p m ental* M ethods
In an  influential review  p ap e r, M cCall (1977) p ro ffered  se v e ra l se r io u s  m ethodological 
c h a lle n g e s  to  d ev e lo p m e n ta l p sy ch o lo g y  w hich h e  c la im ed  re su lte d  prim arily  from  th e  
d iscip line 's full e m b ra c e  of th e  experim en ta l m ethod . A lthough he  c o n ced ed  tha t re se a rc h  
c o n d u c te d  in th e  vein  of trad itio n a l e x p e rim en ta l p sy ch o lo g y  m ay b e  a p p ro p r ia te  for 
understand ing  som e developm ental is su e s , for th e  m ost part th is app roach  kept developm ental 
p sy ch o lo g is ts  from ad eq u a te ly  a d d re ss in g  q u e s tio n s  ab o u t naturally  occurring deve lopm en t.
2 5
A ccording to M cCall, th e  u se  of labora to ry  te ch n iq u es , ex p erim en ta l con tro l, and  artificial
situations had  lead  to a  developm ental psychology of w hat *can* hap p en  in hum an developm ent,
which may b e  far from w hat 'does*  actually  h ap p en  (p. 336).
Drawing on th e  work of o ther m ethodo log ists  (S chaie , 1965; Wohlwill, 1973), McCall a lso
c h a s t is e d  th e  d ev e lo p m en ta l com m unity  for 'n o t  [being] sufficiently  d e v e lo p m e n ta l , ' and
th e re fo re  providing a  'd isc ip line  [that] is deve lopm en ta l in nam e  only* (p. 337). McCall felt
tha t d u e  to th e  fact that th e  prim ary focus of developm enta l re sea rch  up to the m id-1970's had
b e e n  'o n  specific  b e h av io rs  d isp lay ed  by im m atu re  o rg an ism s  a t  a  sin g le  age* (p. 337),
d ev e lo p m en ta l p sy ch o lo g y 's  *developm enta l-ness*  had  b e e n  totally  undercu t. T his type of
p sy ch o lo g y , p e rh a p s  b e tte r  re fe rred  to  a s  'ch ild  p sy c h o lo g y ,' is  only a b le  to  p rov ide a
taxonom y of th e  child 's behavioral and  m ental abilities, and  falls sho rt of shedd ing  light on the
na tu re  of m any developm enta l p ro ce sse s .
W hen it c a m e  to  d escrib ing  w hat w e re  ap p ro p ria te  m e th o d s for study ing  d eve lopm en t,
McCall w as quick to a ttack  th e  sim plest developm ental approach :
if a  prim ary m ission [of developm enta l psychology] is to  d iscern  on togenetic  c h a n g e  within 
individuals, th e  s e q u e n c e  and  timing of developm enta l transitions, an d  th e  chang ing  social 
and  environm ental fac to rs th a t perm it deve lopm en t to  occur, th en  w e m ust u se  longitudinal, 
not c ro ss-sec tio n a l, ap p ro a c h e s  to  our su b jec t m atter (p. 337).
As co n v ey ed  in th is q u o te , M cC all's c h a lle n g e s  to  d ev e lo p m en ta l psycho logy  h av e  two 
p ro found  im plications for th e  definition of d ev e lo p m en ta l re s e a rc h . T he first is th a t th e  
s u c c e s s  of deve lopm en ta l psychology  d e p e n d s  largely on th e  e ffec tiv en ess  of its m ethods to 
m e a s u re  c h a n g e  o v er tim e. T he seco n d  im plication is th a t d ev e lo p m en ta l p sychology  is in 
e s s e n c e  an ideographic  ra th e r than  a  nom othetic sc ien ce . Although developm enta l psychology 
m ay draw  g en e ra l co n c lu s io n s ab o u t th e  n a tu re  of certa in  norm ative d ev e lopm en ta l p ro c e ss  
(e .g ., th e  o n se t of puberty , th e  s e q u e n c e s  of cognitive developm ent, e tc .), th e s e  conclusions 
c a n  only b e  e x trap o la ted  from findings b a s e d  on  inves tiga tions of individual developm ent. 
P e rh a p s  developm enta l psychology should  not b e  view ed a s  the ex tens ion  of th e  field of child 
deve lopm en t to  o ther periods of life com m only s e e n  in 'life-span* ap p ro ach es . R ather, it may
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b e  m ore p roduc tive  to  view  th e  d iscip line a s  an  ex ten s io n  of th e  p sycho logy  of individual 
d ifferences th a t inco rpora tes th e  ubiquitous dim ension of con tinuous ch ange .
R o g o sa 's  119881 D iscussion of the Mvths of Longitudinal R esea rch
R eviving th e  d iscu ss io n  of th e  an a ly s is  of c h a n g e  within th e  ed u ca tio n a l m e asu rem en t 
com m unity in th e  1980 's, R o gosa , Willett, an d  their co lle ag u es  (R ogosa , 1980; R o gosa , 1988; 
R o g o sa , B rand t, & Z im ow ski, 1982; R o g o sa  & W illett, 1985; W illett, 1988, 1989), h av e  
cha llen g ed  th e  so lu tions provided by an  earlie r gen era tio n  of m ethodo log ists  including B ereiter 
(1963) C ronbach  and  Furby (1970) and  Lord (1963). R o g o sa  (1988) desc rib ed  this challenge a s  
a  rea liza tion  th a t "longitudinal r e s e a rc h  in th e  b eh av io ra l an d  so c ia l s c ie n c e s  h a s  b e e n  
d o m in a ted , fo r th e  p a s t  50  y e a rs  o r m ore , by a  co llec tio n  of d am ag in g  m y ths and  
m isunders tand ings" tha t h ave  im peded  th e  d ev e lopm en t an d  application  of useful m eth o d s (p. 
171 ) .6
A ccording to  th is view, re s e a rc h e rs  analyzing longitudinal d a ta  h ave  ac c e p te d  w ithout much 
q u estio n  m ost m ethodological c la im s abou t analyzing ch an g e , including th e  unavo idab le  negative 
correlation  b e tw een  initial s ta tu s , th e  unreliability of th e  d ifference sco re , an d  th e  a d eq u acy  of 
tw o-w ave d e s ig n s  in m easu rin g  d eve lopm en t. R o g o sa 's  1988 book c h a p te r  en titled  "Myths 
A bout Longitudinal R esea rch "  p re se n ts  a  d iscussion  of n ine su ch  m yths and  how to avoid them . 
T h ree  of th e  m yths m ost directly rela ted  to this d iscussion  of th e  an a ly s is  of c h a n g e  include the 
a c c e p ta n c e  of tw o-w ave longitudinal d es ig n s , th e  in ad eq u acy  of th e  d ifference  sco re , an d  the 
ability of co rre la tions over tim e to  inform ab o u t c h a n g e /
6 It is in te resting  to  n o te  th a t R o g o sa  d isp lay s  th e  in fluence  of M cCall (1977) an d  o th e rs  
(S c h a ie , 1965; W ohlwill, 1973) by fo cu s in g  ex c lu s iv e ly  on  long itud inal r e s e a rc h , th u s  
refram ing th e  prim ary focus of re se a rc h  d e s ig n  in d ev e lo p m en ta l p sychology  aw ay  from two- 
w ave d esig n s.
7 T he  six add itional m yths d e sc rib ed  by R o g o sa  (1988) involve e rro n e o u s  be lie fs ab o u t th e  
b en efits  of th e  res idua l c h a n g e  sco re , th e  correlation  b e tw een  c h a n g e  an d  initial s ta tu s , th e  
unavoidab ility  o f re g re ss io n  to  th e  m e a n , th e  e ffe c tiv e n e ss  of a n a ly s e s  of co v a ria n c e  in 
m easu ring  ch a n g e , th e  in terpre tation  of stability coeffic ien ts over tim e, an d  th e  u se  of c ro s s ­
lagged  co rre la tions a s  ev id en ce  of c au sa l relationships.
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•Mvth *1 : Two o b se rv a tio n s  a  longitudinal study  m a k e ’ (R o g o sa . 1988 . d p . 174-177V
This m yth— w hich prim arily  re su lts  from  th e  popu larity  of th e  p re te s t-p o s tte s t  d e s ig n  in 
psycho log ica l re s e a rc h — is true  in a  techn ica l s e n s e . H ow ever, acco rd ing  to  R o gosa . ’two 
ob se rv a tio n s  do provide so m e  inform ation abou t c h an g e  over tim e, but th is d es ig n  h a s  m any 
critical lim itations’ (p. 174). O n e  of th e s e  lim itations is th a t a  tw o-w ave study can  provide 
so m e  inform ation regarding am ount of change, but is unable  to e s tim a te  the la ten t true growth 
rate, e spec ia lly  if th a t grow th ra te  is nonlinear.
A se c o n d  limitation offered by R o g o sa  is tha t 'th e  am oun t of c h a n g e  [obtained from two 
observations] will often b e  deceptive* (p. 175). W hen a  m axim um  of two v a lu es  a re  u sed  to 
m e a s u re  c h a n g e , th e  tem pora l ch o ic e  of tim e p o in ts  is, in R o g o sa 's  w ords, ’ex trem ely  
consequen tia l*  (p. 175): any slight variation in w hen  d a ta  is co llec ted  is likely to  effect the
am oun t of ch an g e  m easu red . In addition, the tw o-w ave ch an g e  sco re  is hopelessly  contam inated  
by m easu rem en t e rro r a sso c ia te d  with e a c h  observation , b e c a u s e  any  am oun t of variability in 
e ither observation  is p a s s e d  directly and  in full to  th e  am ount of ch an g e  m easu red .
’Mvth *2: T he d ifference  sco re  is intrinsically unreliable an d  unfair’ (R o g o sa . 1988. p p . 
1 7 7 -1 8 0 ) . R o g o sa  tra c e s  this myth to th e  ’im pressive am oun t of psychom etric  literature over 
th e  p a s t  50 y e a rs  [that] h a s  so u g h t to d e m o n s tra te  defic ienc ies  in th e  d ifference  sc o re ’ (p. 
177). T he m ost im portant finding m ad e  by R o g o sa  and  h is  c o lle a g u e s  (R o g o sa , B randt, & 
Zimowski, 1982; R o g o sa  & Willett, 1985) regard ing  th e  d ifference  sc o re  is tha t th e  w holesale  
a c c e p ta n c e  of th e  unreliability of th e  d ifference sc o re  is b a se d  upon  ev id en ce  ob ta ined  only 
u n d er certa in  p sychom etric  conditions. For exam p le , m ost of the influential c ritiques of the 
d iffe ren ce  s c o re  (Linn & S lide, 1977; Lord, 1963) a s s u m e  hom ogeneity  of c h a n g e  a c ro s s  
individuals w hen  they  ob ta in  w eak  reliability e s t im a te s  for th e  d iffe rence  sco re . B ec a u se  
e s tim a te s  of reliability a re  principally a  ratio of th e  v a rian ce  of sc o re  and  its e rro r variance, 
it should  not b e  su rprising  tha t ’the  d ifference sc o re  can n o t b e  e x p ec ted  to  detec t*  individual 
d ifferences in c h a n g e  th a t d o e s  not exist (p. 178). In fact R o g o sa  d em o n s tra te s  th a t w hen there
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a re  individual d iffe rences in ch an g e— a s  there  likely a re  in a  large majority of developm enta l 
re sea rch — the d ifference sco re  h a s  ad e q u a te  reliability.
“Mvth #3: You c a n  d e te rm in e  from the  co rre la tion  m atrix for th e  longitudinal d a t a
w h eth er o r not you a re  m easuring  the sam e  thing over tim e’ fR o o o sa . 1988. p p. 180-1821. 
B ec a u se  of (often untrue) slan d er h e a p e d  upon th e  difference sco re , m any re se a rc h e rs  ch o o se  
to a n a ly z e  c h a n g e  o v er tim e by exam in ing  in te rco rre la tio n s  am o n g  m e a s u re s  o b ta in ed  
longitudinally, usually  in th e  form of a  variab le-over-tim e by variab le -over-tim e  co rre la tion  
matrix. T he rationale  undergird ing  the inspection  of in tercorrelation  m atric ies a p p e a rs  to  be  
th a t th e  co rre la tions found be tw een  o b serv a tio n s over tim e say  som eth ing  m eaningful abou t 
c h a n g e  over tim e. R o g o sa  correctly  po in ts out, how ever, th a t a  stro n g  co rrelation  'c a n n o t 
'p rove' that the s a m e  thing is being m easu red  a t both e n d s  of the observation  interval, only that 
th e  ordering of individuals in the initial m easu re  is similar to  the o rdering of individuals in the 
final m e a s u re ’ (p. 181-182).
E ach  of th e s e  m yths revea ls  that se rio u s lim itations ex is t in w ays in w hich m ethodolog ists 
h ave  ch o sen  to dea l with the analysis of change . The question  rem ains, how ever, how do th ese  
limitations m anifest th em se lv e s  in the  re sea rch  literature of deve lopm en ta l psycho logy? Next 
I will d esc rib e  th e  ad v an ta g es  and d isad v an tag es of four of th e  m ore prom inent ap p ro ach es  u sed  
in s tu d ie s  of deve lo p m en t to u n d ers tan d  ch an g e : th e  d ifference  sc o re , th e  residual ch an g e  
sco re , th e  u se  of In tercorrelatlons over tim e, and  rep ea ted  m e a su re s  an a ly s is  of variance . A 
co m p ariso n  of th e s e  a p p ro a c h e s  will d em o n s tra te  tha t in o rd e r to  talk  m eaningfully  ab o u t 
ch ange , developm enta lis ts  should em ploy a  fifth app ro ach —w hat R o g o sa  h a s  referred  to a s  the 
'hero* of th e  ana ly s is  of ch an g e— nam ely, individual growth modeling.
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C onventional M ethodological Ap p ro ach es  to Analyzing C hange 
D espite  the  efforts of B ereiter, McCall, R ogosa , and  others.** d ev e lo p m en ta l re s e a rc h e rs  
h av e  continued to u se  m ethods for analyzing ch an g e  tha t n eg lec t m any of the cen tra l is su e s  
ra ised  by th e se  m ethodologists. W hen faced  with analyzing longitudinal d a ta , the developm ental 
r e s e a rc h e r  h a s  typically c h o se n  from a  g ro u p  of m ethodo log ica l a p p ro a c h e s  th a t m easu re  
grow th inefficiently, tha t look a t g roup  c h a n g e  ra ther th an  individual c h an g e , an d  that take  
seg m en ted  'sn ap -sh o t*  v iew s of c h a n g e  over time. T h e se  lim itations a re  ap p a ren t in four of 
th e  m ost com m on tech n iq u es for m easuring  ch ange : th e  d ifference sco re , the residual ch an g e  
sco re , the m ultiwave correlation  matrix, and  rep ea ted  m e a s u re s  an a ly s is  of variance .
Using the D ifference S core a s  a  M easure of C hange
T he d ifference or c h a n g e  sco re  is the m ost widely u se d  m e a su re  of c h a n g e  b e c a u s e  it 
req u ires  only two o b se rv a tio n s and  is com pu ted  by sim ply sub trac ting  initial s ta tu s  from final 
s ta tu s . Not only is th e  p re te s t-p o s t te s t  d ifference  sc o re  typically o n e  of th e  first quasi- 
ex p erim en ta l d e s ig n s  th a t u n d e rg ra d u a te  psychology  m ajo rs  a re  e x p o se d  to , bu t it often 
a p p e a rs  to b e  nicely su ited  for the p ractical n e e d s  of intervention s tu d ie s  in educa tiona l and  
clinical re sea rch .
D esp ite  its popularity, th e  d ifference sc o re s  is a lso  th e  m ost widely m aligned m easu re  of 
c h a n g e  am ong d ev e lo p m en ta l re se a rc h e rs . Within the  m ethodo log ica l literature , two m ajor 
d raw backs of th e  d ifference sco re  a re  com m only d iscu ssed : its a s su m e d  unreliability and  its 
n e g a tiv e  co rre la tio n  with initial s ta tu s  (B ere iter, 1963; C ro n b a c h  & Furby, 1970; Lord, 
1963). In the review  ab o v e  of R o g o sa 's  debunking  of o n e  myth su rrounding  th e  d ifference 
sco re , the  argum ent w as m ade that th e  difference sco re  can  b e  a  unreliable m easu re  of change , 
but only under largely artificial conditions (i.e., hom ogeneity  of grow th a c ro s s  individuals).
8 R o g o sa  (1988) p rov ides the  m ost u p -to -d a te  su rvey  of th e  v a rio u s  con tribu to rs to this 
d iscussion . A recen t additional so u rce  of information regard ing  m ethodo log ies for m easuring  
ch an g e  can be found in a  volum e edited by Collins and Horn (1991).
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Two additional lim itations of th e  d ifference sco re  lie in its utilization of only two p iece s  of 
inform ation for m easu rin g  grow th, initial an d  final s ta tu s . O n e  lim itation ou tlined  by both 
R o g o sa  (1988) and  Willett (1988) is th e  inability for the d ifference sc o re  to m e a su re  nonlinear 
grow th. In the sa m e  w ay tha t scientific psycho log ists  a re  beginning to  realize  th e  m ultivariate 
'com plex ity  of th e  'rea l' world* (T abachn ick  & Fidell, 1989, p. 7), it a p p e a rs  th a t they a re  
beginning to realize  its nonlinearity a s  well. C onsequently , the d ifference sco re  m ay be  su ited  
for ce rta in  q u es tio n s  a b o u t ch a n g e , primarily a s  th e  resu lt of labo ra to ry  m an ipu la tions over 
sm all p e rio d s of tim e. T herefo re , it c an n o t su ccessfu lly  a d d re s s  m any q u e s tio n s  of hum an 
developm ent. T he seco n d  limitation a sso c ia te d  with a  m easu re  b a s e d  on two o b se rv a tio n s is 
that it ten d s  to p ro d u ce  a  le s s  than  robust m e a su re  of ch an g e : any  slight ’w obble’ in e ither 
o b serva tion  will effect the  o b ta ined  d ifference  sc o re  (John  Willett, p e rso n a l com m unication . 
O ctober 15, 1991). W hat is n eed ed , given the unavoidable  m easu rem en t erro r a sso c ia te d  with 
d ev e lo p m en ta l re s e a rc h , is a  m e a s u re  of c h a n g e  tha t, in a  s e n s e ,  ’ in c re a s e s  th e  ft.’ of 
o b se rv a tio n s .
T he R esidual C h anoe  S core : An Im provem ent on th e  Difference S co re?
D esp ite  th e  fac t th a t un reliab ility  of th e  d if fe re n c e  s c o re  o c c u rs  only  in c e rta in  
c ircu m stan ces , m ost re s e a rc h e rs  h av e  b e e n  m ore  co n c e rn e d  with th e  n eg a tiv e  correlation  
b e tw een  c h a n g e  an d  initial s ta tu s  th an  its reliability. B e c a u se  of th is co n ce rn , m any 
re se a rc h e rs  h av e  em b raced  the u se  of the residual ch an g e  sco re  a s  a  m easu re  of ch an g e  that 
igno res  d iffe ren ces in initial s ta tu s  d e sp ite  se r io u s  q u e s tio n s  ab o u t its utility. D escribing 
th e s e  q u e s tio n s , W illett (1988) c o n te n d s  th a t with th e  re s id u a l c h a n g e  s c o re  ’th e re  is 
d isag reem en t a s  to  exactly  w hat is being estim ated , how well it is be ing  estim ated , and  how the 
ou tco m es of th e  estim ation  c a n  b e  in terpre ted* (p. 380). S u b seq u en tly , Willett reports tha t 
’am ong m ethodologists . . .  th e  residual c h a n g e  sc o re  h a s  now b e e n  largely d iscred ited  a s  a  
m easu re  of individual c h a n g e ’ and  that ’in addition to th e  m any tech n ica l and  p rac tica l problem s 
th a t a r ise  in its application , th e re  a re  a lso  is su e s  of lo g ic  an d  s u b s t a n c e * th a t cloud th is 
m ethod (p. 380, em p h as is  in original).
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For exam ple , partialling out the  effec ts of initial s ta tu s  resu lts  in treating  all individuals a s  
eq u iv a len t in initial s ta tu s . In te rm s of m ost q u es tio n s  of dev e lo p m en t, w h a t is ga ined  by 
a ssu m in g  initial eq u a lity ?  U nfortunately , not m uch. By contro lling  for initial s ta tu s  th e  
residual c h a n g e  sco re  ignores im portant interindividual d ifferences tha t a re  highly d ep en d en t on 
w hen initial s ta tu s  is m easu red . B e c a u se  initial s ta tu s  is typically ob ta ined  a t so m e  arbitrary 
point in tim e, it is u nc lea r how co n s is ten t th e  residual c h a n g e  sco re  would b e  if initial s ta tu s  
w as ob tained  a t so m e  o ther point in the developm ental p rocess .
In addition to  the myth of th e  unreliability of th e  difference sco re  an d  the defic iencies of the 
res idua l c h a n g e  sco re , a  m e a su re  of c h a n g e  b a s e d  on only two o b se rv a tio n s  is restrictive 
b e c a u s e  it only allow s for th e  estim ation  of linear c h an g e . In light of th is limitation, R o g o sa  
offered  th e  m otto th a t th a t 'tw o  w a v e s  of d a ta  a re  b e tte r  th an  o n e , bu t m ay b e  not m uch 
better*  (1982 , p. 744). N o n e th e le ss , b e c a u s e  tw o-w aves of d a ta  a re  re la tively  e a s y  to 
collect, th e  w ide a c c e p ta n c e  of th e  p re te s t-p o s tte s t design , an d  th e  com puta tional simplicity of 
th e  d iffe ren ce  sc o re , it is unlikely th a t th e  d iffe ren ce  sc o re  will van ish  from psycholog ical 
re s e a rc h . H ow ever, it is th e  h o p e  of m ethodo log is ts  in te re s ted  in m easu rin g  c h a n g e  th a t 
re s e a rc h e rs  tak e  th e  ex tra  tim e an d  effort to  ob ta in  m ultiw ave d a ta  in o rder to  m eaningfully 
a d d re s s  th e  na tu re  of developm ental p ro cesse s .
M ultiw ave In te rco rre la tio n  M atrix
O n e  co m m o n  a p p ro a c h  to  m e a su rin g  c h a n g e  o v e r m ultip le w a v e s  is  to  c o m p u te  
in terco rrelations am ong  variab les  a s  a  function of tim e. A lthough sev e ra l of th e  lim itations of 
th is ap p ro ach  offered by R o g o sa  (1988) h av e  b e e n  d is c u sse d  above, two additional p rob lem s 
d e se rv e  to  b e  m entioned.
T he  first of th e s e  is th a t in looking a t a  s e r ie s  of co rre la tions over tim e, o n e  only g a in s  
inform ation ab o u t c h a n g e  a t  th e  level of th e  g roup , not th e  individual. As su m m arie s  of th e  
m a in te n a n c e  of rank o rder within a  g ro u p  from o b serva tion  to  o b serv a tio n , co rre la tio n s  a re  
m ore th a n  a d e q u a te  for exam ining  th e  w ithin-group stability of a  v ariab le  a t o n e  observation  
a n d  ano ther. Although such  sum m aries a re  helpful for ad d ress in g  such  re sea rch  questions, they
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a re  not sufficient for ad d re ss in g  q u es tio n s  ab o u t individual d iffe rences in developm ent. This 
lim itation is co m p o u n d ed  by the se c o n d  lim itation th a t exam in ing  co rre la tio n s  o ver tim e 
p rov ides only a  se g m e n te d , 's n a p - s h o t ' view  of c h a n g e  o v er tim e, an d  th u s is un ab le  to 
a d d re s s  th e  con tin u o u s n a tu re  of underly ing true  g row th  p o sited  by m ost d ev e lo p m en ta l 
r e s e a r c h e r s .
R ep ea ted  M easu res Analysis of Variance P rocedures
M uch of w hat limits th e  co rrelation  matrix ap p ro ach  is a lso  ap p licab le  to  th e  u se  of 
re p e a te d  m e a s u re s  a n a ly s is  of v a rian ce  (ANOVA) p ro c e d u re s . T he cen tra l p rob lem  with 
re p e a te d  m e a s u re s  ANOVA is that it a  m ethodologically ex ce llen t ap p ro ach  for talking abou t 
so m e  types of ch an g e  (H ertzog & Rovine, 1985), but unfortunately th e s e  a re  not th e  questio n s 
tha t dev e lo p m en ta lis ts  ten d  to ask . Most com m only re p e a te d  m e a s u re s  ANOVA is u se d  to 
a d d re s s  the  ex is ten ce  of an  overall m ain effect for som e nom inal grouping variab le  (i.e. g ender, 
experim en ta l condition, e tc .), the  overall main effect of d iffe rences in th e  d ep e n d e n t m e a su re s  
o v e r tim e, an d  the ir in te rac tion . If d ev e lo p m en ta lis t p sy c h o lo g is ts  ta k e  M cCall •s (1977) 
criticism s seriously , can  th e  u se  of re p e a te d  m e a s u re s  a n a ly s is  of v a rian ce  b e  any  help  in 
ad d re ss in g  individual deve lo p m en t?  The u se  of b road  grouping  v a riab le s  d o e s  not begin  to 
a d d re s s  q u es tio n s  of individual developm ent, and  choosing  to  te s t for th e  m ain effec t of the 
individual is a s su re d  to b e  rejected . T herefore, rep ea ted  m e a s u re s  ANOVA is only appropriate  
for ad d re ss in g  questio n s ab o u t d ifferences in th e  a v e rag e  c h a n g e  am ong g roups of individuals, 
and  is ill su ited  for ad d ressing  q u estions about individual developm ent.
Summary
T able 1 p re se n ts  a  sum m ary  of the  ad v a n ta g e s  and  d is a d v a n ta g e s  of five a p p ro a c h e s  to 
analyzing c h a n g e  typically u se d  by deve lopm en ta l re s e a rc h e rs . A lthough e a c h  of th e  initial 
th ree  a lte rn a tiv es to  the s ta n d a rd  d iffe rence-sco re  ap p ro ach  provide a d v a n ta g e s  for analyzing 
ch an g e , e a c h  is still h indered  by sev era l d isad v an tag es . A side from psychom etric  p roblem s, 
th e s e  d is a d v a n ta g e s  c e n te r  a ro u n d  two m ajo r lim ita tions: th e  inability to  m e a s u re
in terindividual d iffe ren ces in c h a n g e  using m ultiw ave d a ta  and  th e  inability to e s tim a te
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Table 1. Comparison of advantages and disadvantages of five method s  for analyzing change
M ethod A d v an tag es D isadvan tages
D iffe ren ce
s c o r e
1. R equ ires only two w av es  of da ta
2. E a s e  of com putation
1. O ften p roduces b iased  and  
unreliable e s tim a te s  of true  ch an g e
2. S ensitive  to th e  effec ts  of outliers
3. R estric ted  to  linear m odeling
4. U nable to  m easu re  ch an g e  in 
m ultiw ave d a ta
R esidual 
C hange S core
1. R equ ires only two w av es  of da ta
2. U ncorrelated  with initial s ta tu s
3. Widely accep ted  a s  a  solution to 
prob lem s a sso c ia te d  with the 
d iffe ren ce  sc o re
1. O ften p roduces b iased  and  
unreliab le  e s tim a te s  of true 
residual ch an g e
2. S ensitive  to th e  effec ts  of outliers
3. R estric ted  to  linear m odeling
4. U nable to  m easu re  ch an g e  in 
m ultiw ave d a ta
5. U nclear w hat is being  controlled 
for if Tim e 1 is arbitrarily ch o sen
6. Ignores m eaningful interindividual 
d iffe ren ces in initial s ta tu s
M u ltiw ave
C o rre la tio n
M a trix
1. C an  b e  u sed  with multiwave da ta
2. E a s e  of com putation and 
in te rp re ta tio n
3. P rov ides inform ation regarding 
reliability of m e a su re m e n ts  over 
tim e
1. P rov ides no inform ation regarding 
interindividual d iffe ren ces  in 
change
2. C annot b e  u sed  to  estim ate  
underlying true  grow th ra te s  d u e  
to seg m en ta tio n  of tim e variable
R epeated  
M easu re s  
A nalysis of 
V ariance
1. C an  b e  u sed  with m ultiwave da ta
2. Allows for th e  com parison  of 
g roup  difference in tim e main 
e f f e c ts
3. N onlinear trends can  b e  analyzed
1. P rov ides no inform ation regarding 
interindividual d iffe ren ces  in 
change
2. C annot b e  u sed  to estim ate  
underlying true  grow th ra te s  due  




1. C an  b e  u sed  with multiwave da ta
2. C an  b e  u sed  to  m odel nonlinear 
g ro w th
3. Allows for th e  ana ly s is of 
in traindividual d iffe ren ces  over 
tim e and  the an a ly s is  of 
sy s te m a tic  in terindividual 
d iffe ren ces in tru e  grow th
4. E stim ates  true  grow th from 
o b se rv ed  grow th
5. Precision  of e s tim a te s  of true 
grow th can  be  in c reased  by 
w eigh ted  le a s t sq u a re s  ana ly s is
6. C an  accom m odate  variability in 
m easu rem en t tim es (in both 
num ber and  spacing)
1. Limited by th e  specification of a 
sing le  growth m odel
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underly ing  true  ra te s  of grow th. A lthough th e  fifth m ethod  for an a ly z in g  in traindividual 
ch an g e— individual grow th m odeling— is d esc rib ed  in th e  following p a rag rap h s , it is included in 
T ab le  1 in o rder to  e m p h a s iz e  its superiority  over traditional m e th o d s in s itu a tio n s w here  
developm en ta lis ts  a re  in teresting  in ad d ressin g  q u estio n s about the na tu re  of invidivual growth 
o ver time.
Individual Growth Modeling: D escribing and  Predicting Individual Growth in Multiwave D ata
S everal of the reoccurring problem s in th e  analysis of ch an g e  a re  a d d re s se d  by th e  recen t 
d eve lo p m en t of a  family of quantita tive tech n iq u es  th a t will be  referred  to h e re  a s  individual 
grow th m odeling or IGM. T he pow er of th e s e  ap p ro a c h e s  lies in their ability to both reliably 
m e a su re  interindividual c h a n g e  and  to p red ict interindividual d ifferences in c h an g e . Although 
the basic  com putational p ro ced u res  u sed  in grow th m odeling can  b e  found in m any textbooks on 
in troductory  s ta tis tic s  (G lass & Hopkins, 1984; H ays, 1981; Kirk, 1990), th is  application  of 
individual grow th m odeling is a  recen t developm ent. As it will b e  explained below , th e  primary 
ad v a n ta g e  of individual growth m odeling is its ability to  successfu lly  avoid two limitations of 
conventional ap p ro ach es : the inability to d ea l efficiently with m ultiwave d a ta  and  th e  inability 
to  m e a su re  ch an g e  a t th e  individual level a t which it logically occurs.
D evelopm ental psychology h a s  seen  a  significant in c rease  in th e  d iscussion  of this approach  
in the  last th re e  y ea rs , a s  artic les describ ing  and  using  grow th m odeling h av e  a p p e a re d  in 
A m erican  P sy c h o lo g is t  (F le tch e r, F ran c is , P e q u e g n a t, R a u d e n b u sh , B o rnste in , Schm itt, 
B ro u w ers , & S to v e r , 1991), C h ild  D e v e lo p m e n t (B u rch in a l & A p p leb au m , 1991), 
D e v e lo p m e n ta l P sy ch o lo g y  (H uttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991) Jou rna l of 
C onsulting an d  Clinical Psychology  (Francis, Fletcher, S tuebing, D avidson, & T hom pson, 1991; 
W illett, A youb, 4  R ob inson , 1991), P sy c h o lo g ic a l B ulle tin  (S in g er 4  W illett, 1991), and  
P sy ch o lo g y  a n d  A ging (Aldwin, Spiro, L evenson , 4  B o ss6 , 1989). A g e n e ra l overview  of 
grow th m odeling will b e  given next, with a n  exam ination  of th e  limits of th is  m ethod  for 
analyzing c h a n g e  over time.
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An G enera l O verview  o f th e  Tw o-Step Individual Growth Modal A pproach
T he two m ost p rom inen t a p p ro a c h e s  to grow th m odeling—W illett's (1987 -1991 , 1988) 
w eigh ted  le a s t sq u a re s  ap p ro ach  and  Bryk and  R a u d e n b u sh 's  (1987. in p re ss )  h ierarch ical 
linear m odeling— both u se  a  tw o -s tag e  tech n iq u e  to  d e sc rib e  and  p red ic t individual grow th. 
B e c a u se  th e  prim ary d iffe ren ce  b e tw een  th e s e  two a p p ro a c h e s  is in th e ir com pu ta tiona l 
m eth o d s (Willett, 1991), th e  ap p ro ach  dev e lo p ed  by Willett an d  his c o lle a g u e s  (R o g o sa  & 
W illett, 1985; S a y e r  & W illett, 1991; S in g e r & W illett, 1991 ; W illett, 1987 -1 9 9 1 , 1988, 
1989, 1991; Willett, Ayoub, & R obinson, 1991) will b e  dealt with here.
S tep  1: D escribing Intraindividual D ifferences in Growth
Although individual growth can  be  m odeled  on two w aves of d a ta , it is p re fe rab le  to obtain 
d a ta  from m ore than  two tim e points. Multiwave d a ta  allows th e  analyst to m odel grow th using 
an  infinite num ber of non linear functions, and  a s  Willett (1989) h a s  show n, in creasing  the 
frequency of o b serv a tio n s dram atically  in c re a se s  th e  reliability of th e  m easu rem en t of ch ange . 
C oncep tually  th is is a n a lo g o u s  to th e  a rg u m en t for increasing  sam p le  s ize  to e n su re  the 
reliability of a  sta tistica l tes t: a s  the s ize  of a  random  sa m p le  a p p ro a c h e s  th e  s iz e  of the
population , sam pling  e rro r d e c re a s e s .  If w e re p lace  our u su a l in te rp re ta tion  of random ly 
sam pling individuals from a  population with th e  notion of random ly sam pling tim e points from a 
population, then  it b eco m es c lea r that a s  w e in c rease  the num ber of o bserva tions (tim e points), 
then m easu rem en ts  b ecom e m ore reliable.**
G iven th a t w e h ave  ob ta ined  m ultiw ave d a ta , th e  first s te p  in individual grow th m odeling 
involves perform ing a  se r ie s  of b ivariate  reg re ss io n  a n a ly s e s  for e a c h  individual reg ressing  
th e  d e p e n d e n t v a riab les  of in te rest on tim e. T he sim plest reg ress io n  techn ique  co m p u tes  a 
linear m odel eq u a tio n  by fitting an  ordinary  le a s t s q u a re s  (OLS) re g re ss io n  line for e ach
® C urrently it is unclea r how  im portant it is to truly sam p le  tim e points random ly. Although 
m ost grow th m odeling a p p ro a c h e s  do  no t require  sam pling  th e  sa m e  tim e po in ts for each  
individual, it is a s s u m e d  th a t th e s e  te c h n iq u e s  a re  ra th e r ro b u s t to  v io la tions of random  
sam pling tim e points.
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individual in th e  an a ly s is . T he conven tional eq u a tio n  for a  linear m odel is derived  from 
traditional true sc o re  theory and  is p re sen ted  by Willett (1988, E quation 1) a s :
X ip  * ^ p  (tj) + Ejp (1 )
w here X d e n o te s  th e  d ep en d en t m easu re , i refers to the occasion  of m easu rem en t, p  refers to
the individual, th e  ex p ress io n  sym bol (tj) re p re se n ts  th e  true s ta tu s  of th e  variab le  X at a  
given time, and  E rep re sen ts  m easu rem en t error unique to e a c h  individual a t a  given tim e point. 
The prim ary p a ra m e te r of in te rest in this equa tion  is (tj), th e  s lo p e  of th e  reg ression  line 
m easuring  the o bserved  ra te  of ch an g e  in a  d ep en d en t variable for a  given individual over time. 
This e s tim a te  will b e  referred  to h e re  a s  an  individual's linear grow th ra te . L inear growth 
ra te s  c a n  b e  bo th  positive an d  n eg a tiv e  a n d  a re  in te rp re ted  ju s t a s  co n v en tio n a l s lo p e  
coefficients a re  (i.e., the  am oun t of ch an g e  in o n e  variab le  with o n e  unit c h a n g e  in a  seco n d
variab le). O th e r useful v a lu e s  o b ta ined  in e a c h  individual reg re ss io n  a n a ly s is  include the
in te rcep t, s ta n d a rd  e rro r of e s tim a te , an d  p roportion  of v a r ia n c e  a c c o u n te d  for by th e  
reg ress io n  eq u a tio n  (£^).
A lthough the linear grow th m odel is th e  sim plest m odel an d  m ay b e  an appropria te  model 
given th e  d a ta  a t  hand , it d o e s  not tak e  full a d v an ta g e  of o n e  of th e  ad v a n ta g e s  of collecting 
m ultiw ave d a ta : th e  inves tiga tion  of non linearity . With th e  p o p u la riza tio n  of non linear
sta tistica l te ch n iq u es  in psychology, re s e a rc h e rs  h av e  b eco m e  sen sitized  to th e  u se fu ln e ss  of 
nonlinear m odels. This is equally  true w hen analyzing c h a n g e  over time: the assum ption  of a 
con tinuous ra te  of ch an g e  for grow th can  b e  a  limiting one, especia lly  w hen o n e  is m odeling 
developm enta l p ro c e s s e s  th a t a re  theoretically  d iscontinuous.
In o rd e r to  c h o s e  an  ap p ro p ria te  grow th m odel, a  useful s tra te g y  d e sc r ib e d  by Willett 
(1988) is to  co m p a re  the overall fit of various non linear grow th m odels with th a t of a  sim ple 
linear m odel. An exam ination  of the  difference in v a lu es for e a c h  individual reg ression , or a  
co m p ariso n  of th e  m ean  j ?  for e a c h  m odel, will su g g e s t w hich m odel b e s t  d e sc r ib e s  the 
m ultiw ave d a ta . It is statistically  true  th a t the m ore  non linear a  m odel is, th e  g re a te r  the 
g o o d n e s s  of fit will b e  for any  type  of m ultiw ave d a ta . It is im portan t to  k e e p  in mind,
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how ever, th a t th e  g re a te r  the  d e g re e  of nonlinearity, the  m ore  com plex th e  in terpre tation  of 
th e  grow th m odels b e c o m e s . For exam p le , by fitting a  linear m odel, o n e  c a n  in terpre t the 
individual d ifferences in grow th am ong  individuals in te rm s of a  c o n stan t ra te  of ch an g e  (i.e.. 
the slope  coefficient). D ifferences am ong individual grow th b a se d  on a  quad ra tic  m odel, on the 
o ther hand , have to b e  in terpre ted  in term s of the rate  of c h a n g e  a s  a  function of time; in other 
w ords, a t any  given point in tim e growth m ay b e  accelerating  or d ecelera ting  a t any given rate. 
O bviously , th is  d iffe ren ce  b e c o m e s  in creasin g ly  m ore  com plex  a s  o n e  fits h ig h e r-o rd e r 
polynom ials su ch  a s  cubic or quartic  trends. B ecau se  of the com peting benefits of g o o d n ess  of 
fit and  interpretability, o n e  m ust try to m axim ize both w hen choosing  am ong grow th m odels.
To sum m arize, the  m ajor goal of the first s te p  in individual grow th m odeling is to obtain a 
m easu re  of true grow th ra te  for e a c h  individual in th e  form of a  s lo p e  coefficient. Inspection of 
individual s c a tte rp lo ts  of th e  v a r ia b le s  o v e r tim e a n d  re s u lts  from individual re g re ss io n  
a n a ly se s  (i.e, £ )  can  provide th e  information n e c e ssa ry  to  ev a lu a te  the  ap p ro p ria ten ess  of the 
growth m odel chosen .
S tep  2: A ccounting for Interindividual D ifferences in Growth
The seco n d  s te p  in grow th m odeling involves exam ining for th e  ex is ten ce  of any system atic  
d iffe ren ces am ong th e  individual grow th ra te  ob ta ined  in th e  p rev ious s tep . By trea ting  the 
estim ated  growth ra te s  a s  a  d ep e n d e n t m easu re , this is accom plished  by attem pting to accoun t 
for v a rian ce  am ong  th e  grow th ra te s  through any  num ber of s ta n d a rd  inferential techn iques. 
A nalysis of variance  c a n  b e  u se d  to d eterm ine  if m odeled  ra te s  of c h a n g e  differ significantly 
accord ing  to so m e  nom inal variab le , or any  num ber of co rre la tio n -b ased  tech n iq u es, including 
multiple reg ress io n  (B uchanan , 1991) or structural equa tion  m odeling (S ay e r & Willett, 1991), 
if o n e  is in te rested  in predicting grow th ra te s  from interval-level d a ta .
In W illett's ap p ro ach , one  of th e  cen tra l benefits  of analyzing  m ultiwave d a ta  is th a t the 
m e a su re m e n t e rro r a s s o c ia te d  with fitting individual grow th m o d els  c a n  b e  a s s e s s e d  and  
co rrec ted  for. In o rder to co rrec t for such  error, Willett s u g g e s ts  a  W eighted  L east S q u a re s  
(WLS) reg ressio n  app ro ach  tha t p rov ides a  b e s t linear un b iased  estim ato r of grow th, or BLUE
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(SAS Institute, 1985), by w eighting e a c h  individual grow th ra te  by th e  p rec ision  of fit of the 
grow th m odel. Individual w eigh ts a re  found by u sin g  a  m odified form ula first p re se n te d  by 
H an u sh ek  (1974, c ited  in Willett, 1988) which co m p u te s  v a lu e s  b a s e d  upon  th e  s iz e  of the 
s tan d a rd  erro r of estim ating  th e  grow th rate. This re su lts  in la rger w eigh ts (approach ing  1.0) 
for individual th a t a re  b e s t d e sc r ib e d  by the specified  grow th m odel, a n d  sm a lle r w eigh ts 
(approach ing  0 .0) for individuals w ho d ev ia te  from th e  specified  grow th m odel.
In conducting  th e  seco n d  s te p  of individual grow th m odeling, th e  s e a rc h  for co v aria te s  of 
c h a n g e  m ay not n ecessa rily  allow  developm enta l re s e a rc h e rs  to  directly a d d re s s  th e  question  
'W h a t c a u s e s  d iffe rences in grow th?* It d o e s  allow for th e  prediction of individual d ifferences 
in ch a n g e . A nsw ering M cCall's (1977) challenge to  th e  sc ie n c e  of developm en ta l psychology, 
th is ability to a cco u n t for individual d ifferences in grow th ho ld s g re a t p rom ise  to a  discipline 
that is in te rested  in unders tand ing  th e  im pact of biological, environm ental, a n d  social fo rces on 
individual change .
Lim itations of Individual Growth M odeling
O n e  im portant limitation of individual growth m odeling is th e  forced  specification  of a  single 
m odel type. A lthough th e re  is a  theoretically  infinite num ber of grow th m odels  p o ss ib le  (i.e., 
linear, quadra tic , cub ic , e tc .) , cu rren t m ethods require  the  specification  of a  sing le  m odel for 
u se  in th e  first s tep . T he resu lt of th is requ irem en t is th a t e a c h  individual's grow th record  is 
a s s e s s e d  accord ing  to  so m e  a  priori m odel, and  any  individual w h o se  grow th d o e s  not fit the 
m odel is trea ted  a s  deviating from th a t a  priori m odel. Burchinal an d  A pplebaum  (1991) have 
m ade  the  argum ent tha t this is a  hidden assum ption of the  individual grow th m odeling approach , 
and  o n e  th a t c a n  h av e  se r io u s  lim itations if th e re  is su b s tan tia l he te ro g en e ity  in th e  overall 
sh a p e  of individuals' developm en ta l functions.
A lthough correcting  for e rro r a s  th e  result of m e a su re m e n t c a n  b e  ach ie v ed  by using  a  
w eigh ted  le a s t s q u a re s  reg re ss io n  m odel, it is u n c lea r how  to  co rrec t for e rro r th a t resu lts  
from a  m isspecification of th e  true  grow th m odel. In so m e  em pirical situa tions, th e  assum ption  
of hom ogeneity  of th e  sh a p e  of developm enta l functions m ay b e  w arran ted . O n e  exam ple  of the
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tenability of this assum p tion  can  b e  found in th e  study  of individual d iffe rences in the ra te  of 
early  lan g u ag e  acquisition. M cCartney. B uchanan , an d  Jo rd an  (in prepara tion ) h ave  found an 
av e ra g e  f 2  of .84 using linear m odel to desc rib e  individual growth in ch ild ren 's  m ean  length of 
u tte rance  from 21 to 28 to 35 m onths of age. O ther em pirical situations do  not a p p e a r  to be  a s  
well desc rib ed  by th e  u se  of a  sing le  m odel. For exam ple, in a  p rev ious study of m aternal 
dep ression , I (B uchanan, 1991) found that th e  u se  of a  single linear m odel p roduced  an  average  
I 2  of .33. G iven w hat is known abou t the developm en ta l p a th s  of lan g u ag e  acquisition  and 
d ep ress io n , it should  not b e  surprising  tha t the form er closely  fits a  linear m odel and  the latter 
d o e s  not.
T he issu e  tha t lies at th e  heart of Burchinal and A pplebaum 's (1991) criticism  of the u se  of 
a  s ing le  grow th m odel is th a t if w e su s p e c t tha t individual d ifferences in th e  ra te  of ch an g e  
ex is t, why not su s p e c t th a t th e re  m ay a lso  b e  individual d iffe rences in th e  overall sh a p e  of 
c h a n g e ?  In certa in  em pirical situa tions the  application  of a  sing le  grow th m odel m ay cloud 
im portant d iffe rences in th e  na tu re  of true growth.
P a tte rn s  of Individual Growth: A ccom m odating Interindividual Differe n c e s  in G rowth M odels
O n e  solution to  the limitation of specifying a  sing le  growth m odel h a s  b e e n  d ev e loped  by 
R ovine (M. R ovine, p e rso n a l com m unication , F eb ruary  10, 1992) an d  utilized in a  study of 
m arital re la tions during th e  transition to p a ren thood  (Belsky & Rovine, 1990). This techn ique 
C o m b in es  W ille tt's  IGM a p p ro a c h  with th e  w ork o f o th e r m e th o d o lo g is ts  (von E ye & 
N e sse lro a d e , 1988 cited  in B elsky & R ovine, 1990; B ishop, F e inberg , & H olland, cited  in 
B elsky & R ovine, 1990), in o rder to allow e a c h  individual to b e  fitted with any  num ber of 
g row th m odelc  (i.e ., linear, q u ad ra tic , cub ic , e tc .) , w hich a re  th en  e v a lu a te d  for their 
a p p ro p ria ten ess  using a  se r ie s  of c o n tra s t coding coefficients. This e n a b le s  e a c h  individual to 
b e  charac te rized  not just a s  m ore or le s s  linear for exam ple , bu t in te rm s of so m e  com bination 
of grow th m odels. For exam p le  a  positively linear-negatively quadratic  grow th m odel is o n e  in 
which there  is a  genera l upward decelerating  trend. O nce  such  individual p a tte rn s  of ch an g e  are  
obtained, they a re  then  ca tegorized  along so m e  coding schem e. System atic  d ifferences in group
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m em bersh ip  in e a c h  pattern  of ch an g e  can  then  b e  exam ined  using such  m ultivariate techn iques 
a s  c lu s te r  an a ly s is  an d  d iscrim inant function ana ly s is . A nsw ering B urchinal and  A pplebaum 's 
(1991) criticism  of individual grow th m odeling, R ov ine 's  ex ten s io n  m a k e s  it p o ss ib le  for the 
an a ly s is  of individual d ev e lopm en t in do m ain s th a t ten d  not b e  b e s t d e sc rib ed  using  a  single 
grow th m odel.
S u m m ary
T his d iscu ss io n  of th e  individual growth m odeling app ro ach  can  b e  sum m arized  by stating  
th re e  g e n e ra l m ethodo log ica l c la im s m ad e  by its p ro p o n e n ts  (Bryk & R a u d e n b u sh , 1987; 
B urchinal & A pplebaum , 1991; R o gosa , B randt, & Zimowski, 1982; Willett, 1988):
1. By using  intraindividual grow th a s  th e  level of an a ly s is . IGM allow s re s e a rc h e rs  to 
a d d re s s  c h a n g e  a t th e  natu ra l and  logical level a t  w hich it o c c u rs . T his ideog raph ic  
a p p ro a c h  av o id s  th e  u se  of g ro s s  g roup ing  v a ria b le s  su c h  a s  g e n d e r , ex p erim en ta l 
condition , o r so c io eco n o m ic  s ta tu s  to d e sc r ib e  bo th  in traindividual a n d  in terindividual 
d iffe ren ces in grow th.
2. O b se rv ed  grow th ra te s  derived  from m ultiw ave d a ta  provid e  th e  m o s t s tab le  an d  valid 
e s t im a te s  o f tru e  g ro w th . A corollary  to  th is is th a t reliability a n d  validity in c re a se  
dram atica lly  with e a c h  add itional w ave of d a ta  co llec ted  (Willett, 1989). T h is  can  be  
illustrated by th e  fact th a t individual grow th ra te s  a re  le s s  influenced by single d a ta  points 
a s  th e  num ber of total d a ta  poin ts in c rea se s . This is one  of th e  m ajor a d v a n ta g e s  of IGM 
over th e  tw o-w ave d iffe rence  sco re .
3. C ara  shou ld  b e  tak en  in th e  cho ice of individual grow th m odels. As a rg u ed  by Burchinal 
an d  A pplebaum  (1991) th e  cho ice  of a  sin g le  grow th m odel (i.e., linear, quad ra tic , etc .) 
a llow s for th e  m ea su re m e n t of individual d iffe ren ces  in g row th ra te , bu t is u n ab le  to 
m easu re  individual d ifferences in th e  overall developm enta l sh a p e  of grow th. T he cho ice  of 
grow th m odels should  a lw ays b e  inform ed by theory  an d  prior em pirical ev id en ce , with an
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e y e  to m axim izing both  th e  am o u n t of v a rian ce  acco u n ted  for by th e  m odel and  its 
interpretability. W hen faced  with a  w ide ran g e  of variability in th e  sh a p e  of o bserved  
growth, an alternative grouping p rocedu re  (Belsky & Rovine, 1990) m ay b e  useful.
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III. STUDY 1: ASSESSM ENT OF FRESHMAN ORIENTATION PARTICIPANTS (JUNE 1990)
As part of a university orientation program  in Ju n e  1990, an  initial study w as conducted  to 
a s s e s s  th e  psychom etric  p ropertie s of sev e ra l in strum en ts d e s ig n e d  to m e a su re  affect, mood, 
and  ep is tem olog ical o rientation . The goal of this study w as to  p rovide an  em pirically sound  
collection of instrum en ts for u se  in a longitudinal study of ep is tem olog ical developm ent during 
the transition to  college. In addition to psychom etric a s se s sm e n t, this study  provided a  unique 
p re -co lleg e  co h o rt for c ro ss -sec tio n a l c o m p a riso n s  with f irs t-se m e s te r  s tu d e n ts  participating  
in la te r longitudinal stud ies.
T he prim ary ob jec tive  of S tudy  1 w as  to e v a lu a te  four p sycho log ica l sc a le s , P e rry 's  
C h eck lis t of E d u ca tio n a l V iew s (1968), th e  S ta te -T ra it  A nxiety  In v en to ry  (S p ie lb e rg e r , 
G orsuch, L ushene, Vagg, & Jaco b s , 1983), M ayer and  G asch k e 's  Brief Mood Introspection S c a le  
(1988), and  a  modified version  of L evenson 's  (1973) M ultidim ensional L ocus of C ontrol S c a le  
dev e lo p ed  by R o b erts  an d  N esse lro a d e  (1986). This involved investigating  th e  distribution of 
sc o re s , in ternal reliability, an d  factor analytic s truc tu re  of e a c h  sca le , com paring  the ir resu lts 
to prev iously  pub lished  findings, an d  ev a lua ting  th e  co n s tru c t validity of e a c h  sca le . An 
additional co n ce rn  w a s  th e  possibility of any dem ograph ic  d iffe rences in this sam p le , primarily 
a s  a  function of g e n d e r  and  hom e residency  s ta tu s  (i.e., in -s ta te  o r out-of s ta te ). T h ese  two 
dem ograph ic  variab les  w ere  view ed a s  sa lien t b e c a u se  of re cen t d iscussion  regarding possib le  
g e n d e r  d iffe ren ces  in ep is tem o log ica l deve lo p m en t (B ax ter M agolda, 1990) and  th e  large 
p e rcen tag e  of out-of s ta te  re s id en ts  in this population (approxim ately 40% ).
M easuring Epistem ological O rientation
In his 1970 book, Perry  arg u ed  th a t th e  initial ep is tem olog ica l s ta n c e  of m any s tu d e n ts  
en tering  co llege  is o n e  in w hich know ledge is v iew ed a s  a  s e t  a  co n c re te  fac ts d ic ta ted  by 
A uthority-oriented ex p e rts  and  te a c h e rs . This initial a ttitude, how ever, is transfo rm ed  a s  the 
re su lt of p lu ralistic  a c a d e m ic  an d  so c ia l e x p e r ie n c e s  an d  is rep laced  by m ore flexible, 
relativistic a ssu m p tio n s about know ledge that accom m odate  diversity and  uncertainty. In order
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to m e a su re  th e  d e g re e  to w hich an  individual ho lds ce rta in  ep is tem olog ica l a ssu m p tio n s, a 
sh o r te n e d  ve rs io n  of P e rry 's  orig inal C h eck lis t of E d u ca tio n a l V iew s (1968, C L E V t w as 
constructed  a s  a  m easu re  of ad h e ren ce  to dualism .
D evelopm ent of the C hecklist of E ducational Views
Perry and  his co lleag u es originally adm inistered  a  90-item  version of th e  CLEV to s tuden ts  
en tering  H arvard University in Fall 1953, and  later co nstruc ted  a  sh o rten ed  version  containing 
46 item s in th e  Fall 1954. F acto r a n a ly se s  of the re s p o n se s  of 1954 sam p le  y ielded a  three- 
fac to r so lu tion  acco u n tin g  for one-th ird  of th e  total item  v a rian ce , with in ternal reliability 
e s tim a te s  be tw een  .66 to .73 (Perry, 1968, p. 103). In addition, an  ou tcom e study  conducted  
by P erry  and  his c o lle ag u es  su ppo rted  th e  construc t validity of the  sh o r te n e d  version  of the 
CLEV (Perry, 1968). From the  Fall 1954 sam ple, s tu d en ts  scoring high on th e  sc a le  w ere found 
to tak e  co u rse  loads h eav ie r in th e  natu ral and  military sc ie n c e s , and  w ere  m ore likely to 
w ithdraw  from co llege  citing acad em ic  difficulty. C onverse ly , s tu d e n ts  sco ring  low on the 
s c a le  exh ib ited  h igher acad em ic  ach iev em en t, ob ta in ed  h igher SAT sc o re s , an d  perform ed 
b e tte r  on a  te s t of read ing  ability. From  th e  perspec tive  of P e rry 's  sc h e m e , th e s e  d ifferences 
in acad em ic  perfo rm ance  reflect the  ex ten t to w hich s tu d e n ts  a re  ab le  to  acco m m o d ate  their 
a ssu m p tio n s  ab o u t th e  n a tu re  of know ledge to the ep is tem olog ica l g o a ls  of liberal education  
c u rr ic u la .
In a  se r ie s  of follow-up stud ies  conducted  in th e  Fall of 1958 and  1959, how ever, the C l FV 
failed to d istinguish  am o n g  s tu d e n ts  in te rm s of acad em ic  p erfo rm ance, ap titude , and  co u rse  
cho ice . Perry in terpre ted  this failure to replicate  the 1954 findings a s  a  p roduct of a  "m arked 
rise  a n d  c o m p re ss io n  of sc h o la s tic  ap titu d e"  in th e  la te r  s tu d e n ts . B e c a u s e  of th is 
d iscon firm ation  and  s u b s e q u e n t c ritic ism s by facu lty  an d  a d m in is tra to rs  o v e rse e in g  the 
H arvard s tu d ies  tha t m any of th e  CLEV  item s w ere  too  am biguous, P erry  and  his co lleagues 
d ro p p ed  the th is sc a le  a s  a  m easu re  of intellectual deve lopm en t and  rep laced  it with a less  
s tru c tu re d , sem i-c lin ica l interview .
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Perry did co n ced e , how ever, tha t th e  C LEV  might b e  app licab le  to m ore h e te ro g e n e o u s  
populations, and  indeed a  modified version of th e  CLEV h as  b een  successfully  u sed  to account for 
d ifferences in public co llege  s tu d en t verbal ability (1984a; R yan, 1984b). U sing a  seven-item  
version  of th e  C L E V . R yan found tha t dualistic  and  relativistic s tu d e n ts  u sed  d ifferent criteria 
for evaluating  both text com prehension  (1984b) and  th e  c o h e ren ce  of p ro se  (1984a). R yan 's 
version  of the  C LEV  had  a  strong te s t-re te s t reliability, t(34) -  .84. & < .001, and  w as found 
to b e  positively co rre la ted  with s tu d en ts ' re s p o n se s  to a  se r ie s  of dualistic claim s (1984b).
B ecau se  of p a s t su c c e s s  with the CLEV a s  a  m e a su re  of ep istem ological dualism , ano ther 
version  w as  c re a te d  for re p e a te d  u se  in a  longitudinal study  of ep is tem olog ical developm ent. 
This version  w a s  co n stru c te d  by ch oosing  20  item s with the  h ig h es t s in g le -fac to r load ings 
reported  by Perry  (1968, T ab les  16-17). E ach  of the 20  item s h ad  factor loading sc o re s  that 
ran g ed  from .70 to .38; Perry in terpre ted  this factor to b e  a  m easu re  of the la ten t construct of 
a d h e re n c e  to dualistic  beliefs. B ecau se  th e s e  factor load ings w ere  com puted  a c ro s s  different 
s a m p le s  o b ta ined  in 1954 an d  1959, th e  factor s tru c tu re  of th e  tw enty-item  version  will be 
a s s e s s e d  in S tudy 1. E ach item w as sco red  on a  six-point sca le  ranging from strongly ag ree  to 
strongly  d isa g re e , an d  a  com posite  "dualism " sc o re  for e a c h  re sp o n d e n t w as  co m pu ted  by 
sum m ing re sp o n se s , resulting in a  ran g e  of possib le  sc o re s  from 20  to 120.
D em ographic D ifferences in Epistem ological D evelopm ent
G en d er an d  hom e re s id en cy  s ta tu s  w ere  two dem ograph ic  v a riab le s  c h o se n  a s  possib le  
c o v a ria te s  of ep is tem olog ica l dualism . A lthough n u m ero u s s tu d ie s  of P e rry 's  sc h e m e  have 
failed to find d ifferences betw een  m ale and  fem ale college stu d en t epistem ological developm ent 
(B axter M agolda, 1990), p e rs is te n t theo re tica l q u e s tio n s  regard ing  th e  g e n d e r  specificity  of 
"w ays of know ing’ have b een  sparked  by th e  work of Gilligan (1977, 1982, 1988) and  o thers 
(Belenky, Clinchy, G oldberg, & Tarule, 1986). T herefore, dualism  sc o re s  ob ta ined  in Study 1 
will b e  analyzed  for g e n d e r differences.
T he dualism  sc o re s  of in -sta te  s tu d e n ts  will b e  com pared  with th o se  obtained  from out-of- 
s ta te  s tu d en ts  to  investigate  the  d e g re e  to which s tu d e n ts ' residency  s ta tu s  m ay b e  related  to
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epistem ological orientation. B ecau se  36%  of th e  s tu d en t population re ta in s  prim ary residency  
ou tside of New H am pshire (Factbook FY 9 1 . 1991), this variab le  provides a  convenien t blocking 
variab le . In addition , n u m ero u s d iffe ren ces  com m only found  in th is popu la tion  re la ted  to 
re s id en cy  s ta tu s — including acad em ic  ach iev em en t, so c io eco n o m ic  s ta tu s , a n d  high schoo l 
p re p a re d n e ss— h av e  logical connections to p o ss ib le  interindividual d ifferences in ep istem ological 
orientation. It is hypo thesized , how ever, tha t no d ifferences in ep istem ological orientation will 
be  found a s  a function of residency sta tu s.
Epistem ological Dualism and Locus of Control
In an  a ttem p t to further exp lo re  th e  co n stru c t validity of the  20-item  C L E V . a  sc a le  
m easu rin g  locus of contro l, th e  e x te n t to w hich ind iv iduals a ttribu te  contro l of e v e n ts  to
in ternal or ex te rn a l fo rces, w as a lso  c h o se n  for u se  in S tudy  1. In a  s tu d y  of c a re e r
developm ent, K nefelkam p and  S lep itza  (1976) have su g g e s te d  a  link b e tw een  locus of control 
and  ep is tem olog ical dualism : ’Lower s ta g e  dualistic thinking s tu d e n ts  a re  a lm ost exclusively
controlled by ex te rn a ls  in their environm ent. Adhering to th e  belief that th e re  is only one right 
c a re e r  for them , they  tend  to turn to  p a ren ts , te ac h e rs , co u n se lo rs , [and] in te re st inventories 
. . . to define both the self and  the right c a re e r  decision* (p. 54). In an  em pirical investigation 
of 35 u n d erg rad u a tes , K nefelkam p an d  S lep itza  (1976) reported  th a t only 32%  of dualists  w ere  
’m otivated  to  d e a l with c a re e r  p lann ing  from an  ‘in ternal need '*  w h e re a s  67%  of s tu d e n ts  
identified a s  m aking th e  transition  from dualism  to multiplicity e x p re s se d  th e  s a m e  motivation 
(p. 57).
L ocus of control w as m easu red  using R oberts and  N esse lro ad e 's  (1986) modified version of 
L ev en so n 's  (1981) M ultidim ensional L ocus of C ontrol S c a le  fLOCL L evenson 's  original sca le  
w as  c o n stru c te d  to  m e a su re  o n e  d im ension  of in ternal locus of con tro l an d  tw o ex te rn a l 
d im ensions, one  view ing ev e n ts  a s  be ing  controlled by ex ternal ’c h a n c e ’ fo rces an d  the o ther
by ex te rna l fo rces  a ttributed  to "powerful o th e rs .’ For a  study  exam ining the fac to r struc tu re
of the LQ C  sc a le  over re p e a te d  adm inistra tions, R o b erts  an d  N esse lro a d e  (1986) c rea ted  a 
m odified version  of L ev en so n 's  sc a le  con sis tin g  of 17 item s m easu rin g  in ternal, ex ternal-
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ch a n c e , an d  ex ternal-pow erful o th e rs  locus of control. Due to  th e  e m p h a s is  p lace d  by Perry 
(1968; 1970; 1981) on th e  cen tral role of ex ternal authority in th e  acquisition  of know ledge by 
s tu d e n ts  learn ing  within a  dua listic  fram ew ork , a  positive  co rre la tio n  w a s  h y p o th e s ized  
b e tw een  th e  ex ternal-pow erful o thers  d im ension  of locus of control and  dualism . This resu lt 
w ould provide ev id en c e  of th e  construct validity of th e  tw enty-item  version  of th e  CLEV  a s  a 
m easu re  of o n e  im portant d im ension of P erry 's  conception  of ep istem ological dualism .
M easuring Affect and  Mood
Affect a n d  m ood w ere  m easu red  acco rd ing  to th e  g en e ric -spec ific  d istinction  m a d e  by 
M ayer an d  S a lovey  (1988). In this view , affect is re la ted  to  g en e ra l "generic  a ro u s a l’ and  
m ood is re la ted  to  m ore specific "feeling s ta te s"  (M ayer & S alovey , 1988, p. 88). A lthough 
both  reflect tran s ien t s ta te s  ex p erien ced  by individuals, th e  im portant d ifference  lies in their 
specificity; accordingly , affect will be  defined  in th is investigation  a s  a  non-specific  feeling  of 
a ro u sa l o r no n -a ro u sa l, an d  m ood will b e  defined  a s  re la ted  to  specific  feeling  s ta te s  (i.e., 
happy , sad , con ten t, calm , etc.).
To o b ta in  a  m e a s u re  of s tu d en t affec t, th e  s ta te -a n x ie ty  s u b s c a le  o f th e  S ta t e - T r a i t  
A n x ie ty  In v e n to ry  <STAI-Y> w as u s e d  to m e a s u re  g e n e ra l anx ie ty  o r th e  p r e s e n c e  of 
"transitory fee lings of fea r o r worry" (C haplin, 1984, p. 626). T he ST A I-Y  a lso  p ro d u c e s  a 
m e a s u re  of tra it anx ie ty , th e  "re la tive ly  s ta b le  te n d e n c ie s  [of ind iv iduals] to  re sp o n d  
anxiously" to s tressfu l situations (Chaplin, 1984, p. 626). Both su b s c a le s  contain  2 0  item s and  
h av e  b een  show n to p o s s e s s  both a d e q u a te  in ternal reliability e s tim a te s  (ranging from .65 to 
.86 .) and  significant co n stru c t validity (C haplin, 1984).
T he 17-item  Brief Mood In trospection  S c a le  (M ayer & G aschke, 1988, BMIS1 w a s  u se d  to 
m e a s u re  four specific  d im en sio n s  of m ood: P le a sa n t-U n p le a sa n t, A rousal-C alm , Positive-
Tired, N egative-R elaxed. In addition, th e  BMIS p rovides an  overall m easu re  of m ood sco red  on 
a  sc a le  from -20 (very unp leasan t) to +20 (very p leasan t) . The BM IS w a s  ch o sen  b e c a u se  of 
its stro n g  psychom etric  p ro p e rtie s  (M ayer A G asch k e , 1988) a n d  its e a s e  of adm inistration . 
For th e  four s u b s c a le s  of th e  B M IS . M ayer a n d  G a sc h k e  rep o rt s tro n g  in ternal reliability
4 7
es tim a tes , with C ronbach 's  a lpha  coefficients ranging from .76 to .83; one excep tion , how ever, 
is a  w eak e r in ternal reliability e s tim a te  for th e  A rousal-C alm  dim ension , with a C ro n b ach 's  
a lpha  coefficient of .58 (1988, p. 104).
T he p sy ch o m e tric  p e rfo rm a n c e  of th e  S T A I-Y  and  B M IS  with th is sam p le  will be 
investiga ted  by com puting internal reliabilities e s tim a te s  and  a s s e s s in g  the factor s truc tu re  of 
e a c h  sca le . As ev id en ce  of construct validity, significant co rre la tions be tw een  anx ious affect 
an d  e a c h  the  four m ood s ta te s  a re  ex p ec ted , with positive co rre la tio n s p red ic ted  for s ta te  
anxiety  an d  n eg a tiv e  and  a ro u se d  m oods, and  n eg a tiv e  co rre la tions for s ta te  anx iety  and 
p le a sa n t an d  positive m oods. Sim ilar to  ep istem ological orientation, sco re s  for each  su b sca le  
will a lso  b e  ex am in ed  for g ro u p  d iffe ren ces re la ted  to g e n d e r an d  re s id en cy  s ta tu s . No 
d ifferences in m ood and  affect a re  expec ted  betw een  th e se  groups.
M ethod
P artic ip an ts
Study 1 w as co n duc ted  during the sum m er of 1990 using 108 incom ing co llege  s tu d en ts  
recru ited  from the University of New H am psh ire 's  J u n e  F reshm an  O rientation  program . The 
m ean  ag e  of the 60%  fem ale sam p le  w as 17.7 (SJ2 ■ .61). The prim ary function of the two-day 
o rien ta tion  p rogram  w a s  to in troduce  incom ing s tu d e n ts  to  university  life, both  soc ia l and 
academ ic , a s  well a s  adv ise and  p re-reg is ter them  for the Fall 1990 academ ic  sem este r. Each 
incom ing s tu d e n t a tte n d e d  o n e  of six o rien tation  s e s s io n s  held a t the U niversity  of New 
H am pshire be tw een  J u n e  1-29, 1990.
P ro ced u re
As p art of th e  p re-reg istra tion  p ro c e ss , incom ing s tu d e n ts  w ere  a sk e d  to  vo lun teer for a  
s tudy  of s tu d e n t a ttitu d es tow ards co llege. After read ing  and  signing an  inform ed co n se n t 
form , v o lu n te e rs  w ere  a sk e d  to  co m p le te  a  q u e s tio n n a ire  p ack e t including th e  following 
in s tru m en ts : th e  C h eck lis t of E d u ca tio n a l V iew s (Perry , 1968), th e  S ta te -T ra i t  A nxiety
I n v e n to r y  (S p ie lb e rg e r, G o rsu ch , L u sh e n e , V agg , & J a c o b s ,  1983), th e  B rief M ood 
In trospection  S c a le  (M ayer & G aschke , 1988), and  R oberts and  N esse lro ad e 's  (1986) version
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of L ev en so n 's  M ultid im ensional L ocus of C ontrol S c a le . In addition, sev e ra l dem ograph ic  
v a riab le s  w ere  ob ta in ed  from e a c h  sub jec t, including ag e , gen d er, res idency  s ta tu s  (i.e., in­
s ta te  v e rsu s  ou t-of-s ta te ), an d  acad em ic  major.
T he following d e p e n d e n t v a riab le s  and  their ab b rev ia ted  n am es w ere  com pu ted  from the 
four sc a le s  adm in is tered  in S tudy 1: dualism  (DUALISM), internal locus of control (INTERNAL), 
e x te rn a l-c h a n c e  lo cu s  of con tro l (CH AN CE), ex te rn a l-p o w erfu l o th e r s  lo cu s  of contro l 
(OTHERS), p lea san t-u n p lea san t m ood (PLEASANT), a ro u sed -ca lm  m ood (AROUSAL), positive- 
tired  m ood (PO SITIV E), n eg a tiv e -re lax ed  m ood (NEGATIVE), overall m ood (MOOD), s ta te  
anxiety  (STATE), and  trait anxiety  (TRAIT).
R esu lts
P re lim inary  A n a ly se s
D escriptive sta tis tic s  for 11 d ep en d en t m e a su re s  a re  p re se n te d  T able 2, including sam p le  
s iz e , m e a n s , s ta n d a rd  d e v ia tio n s , d is tr ib u tio n  c h a ra c te r is t ic s ,  a n d  in te rn a l reliability  
e s tim a te s . U nivariate a n a ly se s  rev ea led  m e a n s  and  s tan d a rd  dev ia tions sim ilar to previously 
pub lished  re su lts  for th e  locus of control s u b s c a le s  (L evenson , 1973), th e  anxiety m e a su re s  
(N ezu, N ezu, & N ezu, 1987), and  the  m ood sc a le  (M ayer & G aschke, 1988). Exceptions to  this 
w ere  found the  m ean  sc o re s  on two of th e  B M IS su b s c a le s  and  o n e  of th e  LO C  s u b s c a le s . 
S tu d en ts  in this sam p le  reported  significantly h igher m ean  sc o re s  on th e  BMIS-AROUSAL (M ean 
-  19.34, £ &  -  3 .85) than  the und erg rad u a tes  u sed  in M ayer and  G asch k e 's  (1988) study (M ean 
> 17.50, S D  a  4 .39), 1 (571) a  4 .31, f t  < .001, effect s iz e  (l) a  .17. Likew ise, s tu d e n ts  in 
S tudy  1 repo rted  h igher BM IS-POSITIVE s c o re s  (M ean a  9 .32 , SD -  3 .95 ) than  M ayer and 
G a sc h k e 's  su b je c ts  (M ean -  7 .92, SD . a  3 .98), 1 (572) a  3 .40, f t < .001, effec t s ize  (i) -  .14, 
m easu re s . S tu d en ts  participating in S tudy 1 a lso  sco red  significantly lower on  internal locus of 
control (M ean a 28 .27 , SD ■ 4.90) co m p ared  to  a  norm s repo rted  in L ev en so n 's  1973 study  
(M ean .  35 .5 , SD -  6.30), I (574) « - 3.52, ft < .001, effect s ize  (i) -  .24.
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T able 2. D escriptive sta tistics of d ep en d en t variab les m easu red  in S tudy 1








NEGATIVE 1 1 8
MOOD 1 1 9
STATE 1 14
TRAIT 1 1 7
Mean SQ
6 4 .5 5 1 3 .3 2 .9 8 4
2 8 .2 7 4 .9 0 .9 3 3
2 1 .9 5 4 .4 0 .9 7 6
1 7 .0 7 4 .4 6 .9 6 7
8 .8 4 6 .6 7 .9 6 6
1 9 .3 4 3 .8 5 .9 7 7
9 .3 2 3 .9 5 .9 6 7
7 .3 3 2 .51 .9 3 2
6 .3 2 2 .7 9 .8 8 0
3 8 .6 6 1 0 .6 3 .9 5 8
3 9 .9 6 9 .1 0 .961
In te rn a l 
q R eliab ility^
.7 3 7 .8 3
< .001 .71
.3 4 2 .3 7
.0 4 8 .4 8
.0 4 7 .8 3
.3 2 0 .5 9
.0 5 5 .7 7
< .001 .7 6
< .001 . c
.0 0 8 .9 2
.0 1 4 .9 0
a Shapiro-W ilk’s  W sta tistic  (Shapiro  & Wilk, 1965) and  a sso c ia te d  tw o-tailed probability, 
b  C ronbach 's  a lp h a  coefficient 
c V alue could not be  com puted  from available d a ta
B ased  on a  te s t for d ep a rtu re  from norm ality (Shapiro  & Wilk, 1965), the  distributions of 
four v a riab le s  w ere  found no t to  b e  norm ally d is tribu ted . S ign ifican t S hapiro-W ilk 's W. 
s ta tis tic s  w ere  com pu ted  for m e a s u re s  of in ternal locus of contro l, overall m ood, negative  
mood, and  s ta te  anxiety. Visual inspection  of th ese  distributions revealed  that internal locus of 
contro l and  overall m ood sc o re s  w ere negatively  skew ed , and  th a t nega tive  m ood an d  s ta te  
anxiety  sc o re s  w ere  positively skew ed.
P sy ch o m etric  A naly ses
S e v e n  of th e  ten  c o m p o s ite  m e a s u re s  re v e a le d  a d e q u a te  in te rna l re liab ilities, with 
C ro n b ach 's  a lp h a  coeffic ien ts g re a te r  than  .70. W eak  internal reliabilities w ere  ob ta ined  for 
th ree  m easu re s , th e  A rousal-C alm  dim ension of th e  BM IS and  th e  two external locus of control 
d im en s io n s . T h e se  low er re liab ilities a p p e a r  to  b e  c o n s is te n t w ith p a s t p sy ch o m etric  
a s s e s s m e n ts  of th e  B M IS (M ayer & G asch k e , 1988), but a re  m uch low er than  the internal 
reliabilities reported  by R oberts and N esse lro ad e  for th e  LQC su b s c a le s  (1986).
T he re su lts  of principle com ponen t factor analysis  for the B M IS a re  p re sen ted  in T able 3, 
an d  th e  factor stru c tu re  of th e  B M IS  in S tudy  1 w a s  found to  b e , for p rac tica l p u rp o ses , 
identical to M ayer and  G a s c h k e 's  (1988) original resu lts . A tw o-factor solution acco u n ted  for 
m ore  th an  one-th ird  of th e  to tal item  v a ria n c e  for both  u n ro ta ted  and  varim ax  ro ta ted  
so lu tio n s.
T ab le  4  c o m p a re s  th e  fac to r s tru c tu re  of P e rry 's  original s a m p le s  an d  th e  re s p o n se s  
ob tained  in S tudy  1. If two item s with factor sco re s  below  the .35  cut off u sed  to construct the 
20-item  v ers ion  of the  C L E V  a re  igno red  (i.e., #16  and  #18), th e re  is a  stro n g  positive 
correlation  b e tw een  th e s e  two solutions, £ (20) -  .69, £  »  .001.
R e su lts  of a  princip le  c o m p o n e n ts  fa c to r a n a ly s is  of th e  lo cu s  of con tro l m e a su re  
co nstruc ted  by R oberts and  N esse lro ad e  (1986) a re  p re sen ted  in T able 5. Although a  forced 
th ree-fac to r varim ax ro ta ted  solu tion  acc o u n te d  for 43%  of th e  to tal item  v a rian ce  of L Q C  
item s, only n in e  item s a re  c h a ra c te r iz e d  by s in g le -fac to r o r sim p le  s tru c tu re  load ings, 
w h e rea s  e igh t p roduced com plex s tructu res by loading strongly on m ore than  one factor.
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Table 3. R ota ted  an d  unrotated  factor loadings from principle factor ana lys is  of the  BMIS
(N-1191-
U n ro ta ted  R otated
PLEASANT AROUSAL POSITIVE NEGATIVE
ITEM (I) (II) (D  (II*)
L ively .61 .4 8 .7 7 - .05
Peppy .5 4 .4 0 .6 7 - .06
A c tiv e .61 .4 2 .7 4 - .07
Happy .7 8 .0 6 .61 - 48
Loving .5 0 .4 8 .6 9 .0 2
C aring .4 8 .4 0 .6 2 - .03
D ro w sy - .47 - .28 - .54 .1 0
T ired - .41 - .06 - .34 .2 2
N ervous - .45 .4 9 • .01 .6 6
Calm .51 - .29 .1 8 - .56
Gloomy - .64 .4 3 - .19 .5 5
Fed up - .61 .3 3 - .23 .6 5
Sad - .37 .6 4 .1 5 .7 2
J i t t e r y - .42 .5 0 .0 3 .6 5
G rouchy - .60 .2 0 - .31 .5 6
C onten t .7 0 .01 .5 3 - .4 6
ariance explained 3 1 % 1 5 % 2 6 % 1 1 %
Note: BMIS -  Brief Mood Introspection S ca le  (M ayer & G aschke, 1988)
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T ab 'e  4 , C om parison  of Perry f  968) a^d  Study 1 s ingle factor 'cad m q s *”om principle faclcr 
analysis of :*e CLEV ;N = ^ 6 ) .
P e r r y  ; * 9 6 8 )  S tuOy '
Factor F ac to r
Loac rg £  Loacirg
1954 CLEV Items (N = 4571
If p ro fesso rs  would stick  more to the facts and do less 
theorizing one  would g e t more out of college. .7 0 . 61
C ollege p ro fesso rs  shou ld  rem em ber m ore often that people 
of action a re  m ore im portant in a society  than intellectuals and 
a r t i s t s .5 9 .5 9
E ducators should know  by now which is the b e s t m ethod of 
teach ing , lec tu res or sm all discussion groups. .5 8 58
S tu d en ts  som etim es g e t  rebellious id ea s , but a s  they get older 
they ought to get over them  and se ttle  down. .5 7 .5 9
Putting a  non-conform ist in a  position w here h e /sh e  can  influence 
s tu d en ts  isn't a  good idea. . 5 7 .5 7
T here  is nothing m ore annoying than a  question tha t may have 
tw o a n sw ers . . 5 7 .63
It is a  w aste  of time to work on a problem  that h a s  no possibility 
of coming out with a  clear-cut and unam biguous answ er. .5 6 .61
It is a  pretty callous s tu d en t who fee ls anything but love and 
gratitude to his or h e r  parents. .5 4 .4 6
T here  is no point having professors from foreign countries teach  
if they won't learn to sp e a k  English well. .51 .5 4
The b es t thing about sc ien ce  courses is that m ost problem s have 
only one  right answ er. . 4 7 50
The w orst thing abou t a  lazy student is that h e /sh e  is letting 
h is /her p a re n ts  dow n. .4 5 .41
It is annoying to listen to a lecturer w ho cannot s e e m  to m ake up 
h is /her mind a s  to w h a t he/she really believes. .4 5 .5 4
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Table 4. (Continued)
P erry  (1968) Study i 
F acto r F ac to r
Loadings Loading
It helps a  child in th e  long run if h e /sh e  is m ade to conform  to
h is/her p a re n ts  ideas. 43
Any studen t w ho n e e d s  psychological counseling  should  not com e
to college. .4 3
It is only right to think that o n e 's  own college is th e  best. .3 8
1959 CLEV Item s (M * 60)
In the final analysis , th e  stu d en t who skips c la s s  is throwing aw ay
good money. .61
The inspiring te ac h e r pu ts a c ro s s  to s tu d en ts  things a s  they really
a re . .5 9
W e all h ave  the tendency  to  m ake judgm ents which a re  too sim ple
and  final: it is the goal of education  to m ake judgm ents m ore com plex
and  tentative.*5 .49
S tu d en ts  m ust first m aste r w hat is already  known before  they  a re
told to e x e rc ise  their own judgm ent. .4 7
A good te a c h e r 's  job  is to k eep  h is/her s tu d en ts  from w andering
from th e  right track . .4 6
V ariance explained  3 0 %
a S ou rce : P erry  (1968), T ab les 16-17.
P R ev e rse -sco red  item











Table 5. Rotated factor loadings from principle factor analysis of LQC (N .  121).
Item  H ypothesized D im ension F ac to r 1 F ac to r 2 Factor 3
I feel fo rtunate Chance .6 4 .02 01
I feel p lans a re  being com pleted In ternal 55 - .08 04
I feel in control In te rna l .3 8 - 52 01
I feel like a  follower Pow erful O th e rs - 38 .6 5 .0 6
I feel destined Chance .2 8 .1 2 .4 0
I feel I can  get w hat I w ant In te rna l .6 2 .0 0 .0 8
I feel a  need  to p lease Pow erful O th e rs .1 8 .3 5 .5 5
I feel a  need  to  tak e  ca re  of o thers Pow erful O th e rs .2 2 - .28 .6 3
I feel lucky Chance .5 0 • .07 .1 2
I feel decisive In te rna l 4 5 - .40 .0 3
I feel acc iden t p rone Chance - 20 - .04 .6 9
I feel a  s e n s e  of accom plishm ent In te rna l .6 5 - .11 .0 0
I feel fatalistic Chance - 28 .2 8 .4 5
I feel a  need  to fit in with o thers Pow erful O th e rs .2 7 .6 6 .0 4
I feel controlled by o thers Pow erful O th e rs .0 5 .7 5 .0 7
I feel driven Chance .6 4 .1 4 - .03
I feel com peten t In ternal .5 8 - 35 - .19
V ariance explained 2 0 % 14% 9%
Note: LQC « M ultidim ensional Locus of Control S ca le  (R oberts & N esse lro ad e , 1986, adap ted  
from L evenson , 1973)
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C om pared  to th e  th ree  d im ensions hypo thesized  by R oberts  and  N esse lro ad e . th ree  of six 
internal locus of control item s loaded primarily on F acto r 1, two of five pow erful o thers  items 
loaded primarily on Factor 2, and  th ree  of six ch an ce  item s loaded primarily on Factor 3 .10
F acto r analytic resu lts  for STAI-STATE and  STAI-TRAIT sc a le s  a re  p re se n te d  in T ables 6 
and  7, respective ly . T h ree  fac to r so lu tions acco u n ted  for a  total of 53%  of the total item 
variance  in s ta te  anxiety item s and  51%  in trait anxiety item s; m addition, fifteen of 20 s ta te  
anxiety item s and  17 of 20 trait anxiety item s had  sim ple structu re  loadings.
C orrelational A naly ses
Intercorrelations am ong all e leven  d ep en d en t m e a su re s  a re  p re sen ted  in Table 8 .11 Five of 
six p red ic ted  a sso c ia tio n s  w ere  found to be  significant. T h e se  included positive corre la tions 
pred ic ted  b e tw een  dualism  and  external-pow erful o th e rs  locus of control and  s ta te  anxiety and 
negative m ood, and  negative correlations be tw een  s ta te  anxiety and both p le a sa n t and  positive 
m oods. O n e  h y p o thesis  no t confirm ed w as th e  p red ic ted  n eg a tiv e  correlation  be tw een  s ta te  
anxiety an d  th e  a rousa l-ca lm  d im ension  of the  B M IS : th is co rrelation  w a s  not significantly 
d ifferen t from t  *  .00. In addition, significant n eg a tiv e  co rre la tio n s found b e tw een  internal 
locus of contro l and  both s ta te  and  trait anxiety , a  finding com m on in th e  locus of control 
lite ra tu re  (P h a re s , 1976).
In light of prev iously  pub lish ed  findings, su rp ris ing  in te rco rre la tions w ere  found am ong 
s u b s c a le s  of th e  L Q C  sc a le . A lthough R o b e rts  and  N e sse lro a d e  (1986) report th a t their 
modified version  of L evenson 's  M ultidim ensional L ocus of C ontrol S ca le  "exhibited a  sufficient 
m atch  to  th e  L ev en so n  d im e n s io n s’ (p. 534), the  in te rco rre la tio n s  b e tw e e n  in ternal and  
ex ternal d im ensions ob ta ined  in S tudy 1 failed to a g re e  with L ev en so n 's  (1973) resu lts . As
Following gu idelines d e sc rib ed  by T abachn ick  & Fidell (1989), item -to-factor co rre la tions 
(i.e., factor loadings) g rea te r than  t  .35 w ere co n sid ered  m eaningful.
11 D ue to th e  non-norm al distribution of sev e ra l variab les , S p ea rm an  rank co rre la tions w ere 
a lso  com puted . H ow ever, b e c a u s e  the av e rag e  difference b e tw een  P ea rso n  and  S pea rm an  i ' s  
w as negligible (M ean d ifference ■ .003), only th e  form er coefficients a re  reported .
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Table 6. Rotated  factor loadings from principle factor analysis  of STATE <N -  116).
Item F acto r 1 F ac to r 2 F ac to r 3
1 feel calm * .4 8 .2 0 .4 5
1 feel s e c u re a .5 9 .41 .3 2
1 am  ten se .2 8 .2 8 .7 0
1 feel s tra ined .2 0 .0 5 .7 6
1 feel a t e a s e 3 .5 7 .0 8 .4 3
1 feel u pse t .0 9 .1 6 .5 4
1 am  presen tly  worrying abou t po ss ib le  m isfortunes .2 4 .3 3 .1 8
1 feel sa tisfied3 .6 5 .21 - .02
1 feel frightened .1 2 .7 4 .2 5
1 feel com fortab le3 .6 7 .1 2 .19
1 feel self confident3 .5 9 .3 2 - .11
1 feel nervous .2 3 .5 2 .5 6
1 am  jittery .2 4 .7 8 .0 3
1 feel indecisive .1 0 .6 7 .0 9
1 am  relaxed3 .7 2 .2 6 .2 6
1 feel co n ten t3 .7 8 .1 8 .1 4
1 am  w orried .21 .4 6 .4 5
1 feel confused .2 3 .6 9 .21
1 feel s te a d y 3 .6 4 .1 6 .21
1 feel p le a sa n t3 .7 2 .0 3 .21
V ariance Explained 2 3 % 1 6 % 1 4 %
3 R e v e rse d -sc o re d  item
N ote: STATE -  S ta te-T ra it Anxiety Inventory, Form  Y-1 (Spielberger, G orsuch , L ushene, 
V agg, & Ja c o b s , 1983)
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T able 7. R ota ted  factor loadings from principle factor analysis  of TRAIT fN -  116).
Item  Factor 1 F acto r 2  F acto r 3
I feel p lea san t3 6 2  .1 6  12
I feel nervous and  re s tle s s  .1 4  6 9  1 5
I feel satisfied  with m yself* 6 5  .2 5  .13
I w ish I could be a  happy a s  o thers seem  to be  .4 2  .6 5  17
I feel like a  failure .2 0  .6 9  .31
I feel re s ted *  .6 6  • .03 .23
I feel ’calm , cool, and  co llec ted ’* .5 2  .3 3  - .08
I feel that difficulties a re  piling up so  that I canno t .1 9  .5 7  .41
overcom e them
I worry too  m uch o ver som eth ing  that really - .05 .2 7  .5 9
d o e sn 't m atte r
I am  happy* .7 3  .3 3  .1 9
I h ave  disturbing thoughts .1 9  .1 8  .6 7
I lack self confidence .1 6  .6 6  .1 4
I feel secu re*  .5 3  .5 7  .0 3
I m ake decis ions easily*  .2 0  .0 9  .1 3
I feel inadequa te  .2 4  .51 .2 7
I am  conten t*  .7 3  .2 8  .1 8
S om e unim portant thought runs through my mind .2 3  .0 6  .6 9
and  bo thers m e
I tak e  d isappoin tm ents so  keenly that I can 't put .2 4  .3 8  .6 0
them  out of my mind
I am  a  steady  person*  .7 2  .1 6  .11
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Table 7. (Continued).
Item  F ac to r 1 F acto r 2 Factor 3
I get in a s ta te  of tension and  turmoil a s  I think over .0 8  .1 2  .7 7
my recen t co n ce rn s  and in terests
V ariance explained 2 0 %  1 7 %  14%
a R ev e rsed -sco red  item
Note: STAI-TRAIT = STAI Form Y-2 (Spielberger, G orsuch , L ushene. V agg, & Ja c o b s . 1983)
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Tabla 8. Intercorrelations am ong d ep en d an t valuables m easu red  in Study 1 (N -  118).
2 3  4 5 6 7 8 9 1 0 1 1
1. DUALISM - .10 .0 2  .3 7 - .05 .19 .0 9 .1 8 .01 .0 7  04
(a) ( .3 0 )  ( .8 6 )  (< 0 0 1 ) ( 6 3 ) ( 0 5 ) ( 3 7 ) ( 0 7 ) ( .9 0 )  ( .4 7 )  (.71 !
2. INTERNAL .3 2  - 10 .21 .0 2 .19 - 25 .2 3  - .41 - 50
(EL) (< .0 0 1 ) ( .2 7 ) ( 0 3 ) ( 8 0 ) ( 0 4 ) ( 0 0 7 ) ( .0 1 )  (< .0 0 1 ) ( < . 0 0 1  !
3. CHANCE .1 4 2 3 .1 7 .2 3 • .09 .2 5  - .1 1  - .11
(a) ( 1 2 ) ( .0 1 ) ( 0 6 ) ( 0 1 ) ( 3 3 ) ( .0 0 5 )  ( .2 5 )  ( .2 4 )
4. OTHERS .01 .1 5 .1 3 .0 4 .01 .0 8  .2 6
(a) ( .9 2 ) ( 1 0 ) ( 1 5 ) ( 6 5 ) ( .9 0 )  ( .3 9 )  ( . 0 0 4 )
5. PLEASANT .2 4 .7 9 .64 .5 9  - .74 - .49
(a) ( 0 1 ) (< 0 0 1 ) (< .0 0 1 ) {< .0 0 1 )  (< .0 0 1 ) (< .0 0 1 )
6. AROUSAL .7 4 .51 .0 9  .0 4  .01
(EL) (< 0 0 1 )( < .0 0 1 ) ( .3 5 )  ( .6 6 )  ( 9 2 )
7. POSITIVE - .17 .4 4  - .46 - .31
(a) ( .0 7 )  ( < .0 0 1 ) ( < .0 0 1 ) ( < 0 0 1 )
8. NEGATIVE - .46 .7 0  .4 2
(ft) (< .0 0 1 ) (< .0 0 1 ) (< 001 )
9. MOOD - .57 - .42
(< .0 0 1 ) (< .0 0 1 )
10 . STATE .61
(EL) (< .0 0 1 )
11 . TRAIT
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e x p e c te d  by th e  trad itiona l lo cu s  of con tro l th eo ry  (P h a re s , 1976), L ev en so n  found  no 
correlation  b e tw een  internal a n d  ex te rn a l locus of control s c a le s  an d  a  significant correlation  
b e tw e e n  th e  two ex te rn a l s c a le s ,  t(1 6 4 ) -  .54, & < .01 (L evenson , 1973, p. 400). In th e  
p re s e n t study , a  sign ifican t positive  co rre la tion  w as  found b e tw e e n  in ternal an d  ex te rn a l- 
c h a n c e  sc o re s  and  no correlation  w as  found be tw een  th e  two ex ternal su b sc a le s . Both resu lts 
ra ise  q u estio n s concern ing  th e  ad eq u acy  of this sc a le  to  m easu re  locus of control in this sam ple. 
O n e  add itional u n e x p e c te d  resu lt w as  th e  w eak  positive co rre la tion  found  b e tw een  BMIS- 
PLEASANT an d  BMIS-AROUSAL; in their exam ination  of th e  BM IS. M ayer and  G asch k e  (1988) 
repo rted  no correlation be tw een  th e s e  two su b sca le s .
D em ographic d ifferences
R esu lts  of an a ly s is  of variance  (ANOVA) te s ts  for g en d e r an d  res idency  s ta tu s  d ifferences 
on e a c h  d ep en d en t variable a re  p resen ted  in T able 9  and  Table 10. As predicted , th e s e  an a ly ses  
re v e a le d  no  sign ifican t d iffe ren ces  b e tw een  m a les  and  fem a le s  or in -s ta te  an d  ou t-o f-s ta te  
s tu d e n ts  in th is sam p le . T ab le s  9 -10  a lso  p re s e n t th e  re su lts  of B artlett-B ox £  te s ts  for 
hom ogeneity  of v ariance , an d  su g g e s t th a t th e  d ifference  in sam p le  s iz e  b e tw een  g ro u p s  in 
e ith e r  c o m p a riso n  did not re su lt In a  vio lation  of th e  ANOVA h o m o g en e ity  of v a rian ce  
a ssu m p tio n . G iven th e  v iolation of th e  norm ality  a ssu m p tio n  in s e v e ra l c a s e s ,  p o s t-h o c  
nonparam etric  a n a ly s e s  o r 'a ssu m p tio n -free r tests*  (Kirk, 1990) for d iffe ren ces a s  a  function 
of g e n d e r  an d  residency  s ta tu s  w ere  a lso  perform ed on th e  rank sc o re s  of following variab les: 
LOC-INTERNAL, BMIS-NEGATIVE, BMIS-MOOD, STAI-STATE. W ilcoxon ran k -su m  te s ts , 
a n a lo g o u s  to  th e  M ann-W hitney JJ. tes t, rev ea led  no  d iffe rences a s  a  function of g e n d e r  or 
res idency  s ta tu s , ag ree in g  with the  re su lts  from ANOVA p ro ced u re s  p re se n te d  in T ab le  9  and  
T ab le  10.
Discussion
B a se d  on  th e  re su lts  of S tudy 1, th e  C h eck lis t of E d u ca tio n a l V iew s. S ta te -T ra i t  A nxiety 
Inventory. Form  Y. and  Brief M ood In trospection  S c a le  provide sufficient m e asu rem en t of th e  
th re e  co n s tru c ts  of prim ary in terest. O nly th e  locus of contro l s c a le  a p p e a re d  to  h av e  poor
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T able 9. ANOVA resu lts  for g en d er d ifferences in dep en d en t variab les m easu red  in Study 1
ANOVA Homogeneity  of Variance
D ependen t Variable Mean SO B artlett-B ox £  a
Fem ale 6 0 6 4 .6 1 2 .9
Male 3 8 6 6 .3 1 3 .6
LOC-INTERNAL
Fem ale 6 4 2 7 .8 5 .0
Male 4 4 2 8 .8 4 .7
LOC-CHANCE
Fem ale 6 6 2 1 .5 4 .2
M ale 4 4 2 1 .8 4 .7
LOC-OTHERS
Fem ale 6 6 1 7 .3 4 .3
Male 4 4 1 6 .6 4 .4
BMIS-PLEASANT
Fem ale 6 3 9 .0 6 .6
Male 4 1 8 .8 7 .0
BMIS-AROUSAL
Fem ale 6 5 19.1 3 .8
Male 41 1 9 .6 3 .9
BMIS-POSITIVE
Fem ale 6 5 9 .0 4 .0
Male 4 2 9 .8 4 .2
BMIS-NEGATIVE
Fem ale 6 5 7 .3 2 .6
Male 4 3 7 .3 2 .3
BMIS-MOOD
Fem ale 6 5 6 .3 3.1
Male 4 4 6 .4 2 .4
STAI-STATE
Fem ale 6 5 4 0 .0 1 1 .7
M ale 4 3 3 8 .3 9 .6
STAI-TRAIT
Fem ale 6 6 3 9 .4 9 .3
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T abla IQ. ANOVA resu lts  for d iffe ren ces in d e p e n d e n t v a riab les  a s  a  function of ^om e 
res id en cy  s ta tu s .
ANOVA Homogeneity of Variance
D ependent Variable Mean S i  £  B I a  B artlett-B ox £  q
CLEV-DUALISM
In - s ta te  5 2  6 5 .5  1 1 .2  0 .0 2  90  01 4 4 8  04
O u t-o f - s ta te  4 5  6 4 .4  1 5 .2
LOC-INTERNAL
In - s ta te  5 8  2 7 .6  5 .0  1 .8 8  .1 7 .1 3  0 .71  40
O u t-o f - s ta te  5 0  2 8 .9  4 .5
IOC-CHANCE
In - s ta te  5 8  2 1 .3  4 .9  0 .8 3  .3 7  .0 9  5 .61  .02
O u t-o f - s ta te  5 0  2 2 .1  3 .7
LOC-OTHERS
In - s ta te  5 8  1 7 .4  4 .4  1 .4 4  .2 3  .1 2  0 .2 0  .88
O u t-o f - s ta te  5 0  1 6 .4  4 .3
BMIS-PLEASANT
In - s ta te  5 6  8 .9  7 .3  0 .01  .9 4  .01 1 .0 2  .31
O u t-o f - s ta te  4 7  9 .0  6.1
BMIS-AROUSAL
I n - s ta te  5 7  19.1  3 .6  1 .1 8  .2 8  .1 1 0 .21  .64
O u t-o f - s ta te  4 7  1 9 .9  3 .9
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Table 10. (Continued)
ANOVA Homogeneity of Variance
D ependent V ariable n Mean S J  £ B artlett-B ox £  p
BMIS-POSITIVE
In - s ta te
O u t-o f - s ta te
5 8  9 .4  4 0 0 .0 8  77  .0 3
4 7  9 .6  3 .8
0 24 63
BMIS-NEGATIVE 
In - s ta te  5 7
O u t-o f - s ta te  4 9
6 .9  2 .3  2 .0 4  16 .1 4
7 .6  2 .5
0 05 83
BMIS-MOOD
In - s ta te
O u t-o f - s ta te
5 8  6 .0  3 .0  3 .2 7  0 7  .1 7
4 9  6 .9  2.1
4 95 .03
STAI-STATE
In - s ta te
O u t-o f - s ta te
5 7  3 8 .6  1 0 .4  0 .01
4 9  3 8 .8  1 1 .3
.9 3  .01 0 .7 9 38
STAI-TRAIT
In - s ta te





9 .9  3 53
7 .9
.0 6  .1 8 4 .0 2 .05
a Effect size  estim a te
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psychom etric  qualities, with low internal reliability e s tim a te s  for bo th  LOC-CHANCE and  LOC- 
O TH E R S s u b s c a le s ,  a n d  s u b s c a le  in te rco rre la tio n s  in co n s is ten t with p rev iously  pub lish ed  
resu lts . T he ev idence  that th e  factor s tru c tu res  of th e  CLEV. BM1S., an d  STAI-Y a re  co n sis ten t 
with th e  re su lts  of o th e rs  s u g g e s ts  th a t th e s e  m e a s u re s  a re  su itab le  for a  m ore in-depth, 
longitudinal investigation  of ep is tem olog ical developm ent, affect, an d  m ood. C onversely , th e  
re su lts  of p sychom etric  an a ly s is  of th e  L Q C  sc a le  s u g g e s ts  th a t th e  fac to r s tru c tu re  of th e  
re s p o n se s  of th is sam p le  do  not adeq u a te ly  m atch previous resu lts  (L evenson, 1973; R oberts, 
1979, cited  in R oberts  & N esse lro ad e , 1986). T herefore , only ten ta tive  in terp re ta tions w ere  
m ad e  from resu lts  b a se d  upon com posite  sc o re s  from this instrum ent.
T he lack of any dem ograph ic  d ifferences reveal th a t e a c h  instrum ent in this population  is 
largely free  of b ia s  in te rm s  of g e n d e r  an d  re s id en cy  s ta tu s  d iffe ren ces . T he lack of any  
g e n d e r  d iffe ren ce  in C L E V  s c o re s  confirm s p rev io u s find ings rep o r ted  by o th e rs  (B axter 
M agolda, 1990; B axter M agolda & Porterfield , 1988), an d  s u g g e s ts  th a t incom ing m ale and  
fem a le  s tu d e n ts  sh a re  th e  s a m e  d e g re e  of dua lism  in th e ir b e lie fs  a b o u t th e  n a tu re  of 
know ledge. B e c a u se  of this finding, no s te p s  will b e  taken  to  e n su re  the  s a m e  num ber of m ale 
an d  fem ale  p a rtic ipan ts  in further longitudinal s tu d ie s . In addition , th a t lack of d iffe ren ces 
b e tw een  in -s ta te  an d  o u t-o f-s ta te  s tu d e n ts  will allow  fu tu re  a n a ly s e s  to igno re  re s id en cy  
s ta tu s  a s  a  poss ib le  covariate  of th e  d ep en d en t m easu re s  exam ined  in S tudy  1.
S tu d e n ts  partic ipa ting  in S tudy  1, how ever, g en era lly  re p o r te d  h ig h e r s c o re s  for bo th  
positive an d  a ro u s e d  m oods, which is likely d u e  to  th e  g en e ra l a tm o sp h e re  of th e  orientation
program . A lthough s tu d en ts  m ay experience  a n  e n h an ced  m ood during their participation in an
orien ta tion  p rogram , th e  c a u sa l n a tu re  of th is relation  is u n c lea r w ithout a  su itab le  contro l 
group. R e sp o n se s  ob tained  on th e s e  BM IS sc a le s  in la ter s tu d ie s  co nduc ted  during academ ic  
s e m e s te r s  will b e  ana lyzed  for sim ilar d ifferences.
Summary
T h e se  re su lts  support th e  view th a t th e  in strum en ts c h o se n  for S tudy  1 generally  provide
a d e q u a te  m e a s u re s  of th e  p sy ch o lo g ica l c o n s tru c ts  of in te re s t in a n  in v es tig a tio n  of
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ep istem olog ical deve lopm en t during the transition  to college. In o rder to begin to u n d e rs ta rc  
how this deve lopm en ta l p ro c e s s  occurs , and  th e  role of affective e x p e rien ce  in it. a  seco n d  
longitudinal study w as desig n ed  and  conducted  during the Fall 1990 academ ic  s e m e s te r  This 
study will p rovide th e  initial investigation  of this p ro c e s s  by following s tu d e n ts  a s  they  begin 
their co llege  c a re e rs .
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IV. STUDY 2: LONGITUDINAL ASSESSMENT OF FIRST-SEMESTER 
COLLEGE STUDENTS (FALL 1990 AND FALL 1991)
B ased  upon th e  psychom etric  resu lts  of S tudy 1. a  longitudinal study of epistem ological 
orientation during the transition to co llege w as conducted  with two s e p a ra te  coho rts during the 
Fall 1990 and  Fall 1991 acad em ic  se m e s te rs . A four-w ave longitudinal design  w as  ch o sen  n 
o rder to e n h a n c e  the ability of the overall s tudy  to d e sc r ib e  th e  dev e lo p m en ta l p ro c e s se s  
underlying the  ea rlie s t s ta g e s  of P erry 's  sc h e m e  of ep is tem olog ica l d eve lopm en t. Although 
re s e a rc h e rs  h av e  ex am in ed  ep is tem o lo g ica l d ev e lo p m en t during  th e  first y e a r of co llege  
(B axter M agolda. 1990), th e re  h a s  yet to b e  a  de ta iled  exam ination  of th e  im pact of the first 
s em es te r on th e  way in which s tu d en ts  view the natu re  and  purpose  of know ledge.
Of sp ec ia l in te re s t in th is longitudinal study  w as th e  n a tu re  of th e  re la tionsh ip  am ong 
m e a s u re s  of em otion, including affect an d  m ood, and  c h a n g e s  in s tu d e n ts ' ep is tem olog ical 
o rien ta tion  a c ro s s  their first s e m e s te r  in co llege . It w as  h y p o th e s ized  th a t s tu d e n ts  who 
accom m odate  their ep istem ological orien tations would e x p re s s  1) d ec rea s in g  levels of negative 
affect and  m ood and  2) increasing  levels of positive affect an d  m ood a c ro s s  th e  four tim e 
points, with accom m odation of epistem ological orientation operationalized  a s  a  g en era l d e c re a se  
in dualism  sc o re s  over time. In order to de term ine the m ost appropria te  m ethod for m easuring 
this initial c h a n g e  in ep is tem olog ica l o rientation , th e  re su lts  of four d ifferen t m ethodological 
a p p ro ach es  w ere  investigated: the difference sco re /residual ch an g e  sco re  approach , the u se  of 
c ro ss -tim e  c o rre la tio n s , re p e a te d  m e a s u re s  a n a ly s is  of v a rian ce , an d  individual grow th 
modeling.
In o rd e r to exam ine th e s e  is su es , the ep istem ological deve lopm en t of an  initial cohort of 
s tu d en ts  w as  exam ined  during the  Fall 1990 academ ic  sem este r . In order to a d d re s s  th e  issue 
of th e  re la tion  of ep is tem o lo g ica l d ev e lo p m en t to o th e r psycho log ica l do m ain s, s tu d e n ts ' 
em o tiona l s t a te s  an d  w ere  m e a su re d  co n cu rren tly  with the ir ep is tem o lo g ica l o rien ta tion .
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Following the participation of th e  Fall 1990 cohort, a  seco n d  cohort w as recruited and  'oilow ed
th roughout their firs t-sem este r a t co llege during the Fall of 1991. This seco n d  conort w as
u sed  m order to in c rease  the overall sam p le  size, to investiga te  any coho rt-d ep en d en t findings.
and  to obtain m e a s u re s  of two additional psycholog ical co n stru c ts  not ob ta ined  with th e  first
cohort, to le ran ce  of am biguity and  multiplistic ep is tem olog ical orientation.
M easu res of to le rance  for am biguity w ere obtained  from s tu d en ts  in the Fall 1991 cohort n
order to provide information of the construct validity of the CLEV (Perry, 1968) a s  a m easu re
of ep istem ological dualism . Following Frenkel-B runsw ik and  her co lle ag u es ' (Adorno. Frenkel-
Brunsw ik, L evinson, & S tan fo rd , 1950; F renkel-B runsw ick , 1949) original co n cep tio n  of the
to le ra n c e  for am biguity  a s  p a rt of th e  au th o rita rian  p erso n a lity , B o ch n er (1965) d e fin es
to le ran ce  for am biguity  in th e  negative , listing se v e ra l prim ary c h a ra c te r is tic s  of a p erso n
intolerant of am biguity a s  including a
(a) rigid d ichotom izing into fixed c a te g o rie s— *a n eed  for ca tegorization"; (b) seek ing  for 
c e rta in ty  a n d  avoid ing  am bigu ity— "n eed  for ce rta in ty "; (c) inability to allow  for th e  
c o ex is ten ce  of positive and  nega tive  fea tu re s  in the  s a m e  object, e .g ., "good" and  "bad" 
traits in th e  sa m e  person ; (d) a c c e p ta n c e  of attitude s ta tem en ts  rep resen ting  a  rigid white- 
b lack  view  of life; (e) a  p re fe re n c e  for th e  fam iliar o ver th e  unfam iliar; (f) a  positive 
rejecting of th e  d ifference or unusual, (p. 394)
E valuated  on their face  validity, ce rta in  C L E V  item s a p p e a r  to reflect sim ilar re jec tions of 
cognitive ambiguity, including "There is nothing m ore annoying than a  question  tha t m ay have 
two answ ers,"  "It is a  w aste  of time to work on a  problem  tha t h a s  no possibility of coming out 
with a  c lea r-cu t an d  unam b ig u o u s answ er," and  "It is annoying  to  listen  to a  lec tu rer w ho 
can n o t se e m  to m ake up  h is /h er mind a s  to  w hat h e /sh e  really believes" (Kirton, 1981). It 
w as  h y p o th e s ized  th a t a  s tro n g  c o n s is te n t n eg a tiv e  co rre la tion  w ould b e  found be tw een  
s tu d e n ts ' dualism  an d  am biguity to le ran ce  a t e a c h  all tim e points, suppo rting  th e  construct 
validity of the C LE V .
To e n h a n c e  th e  m easu rem en t of epistem ological orientation, a  m e a su re  of multiplicity w as 
construc ted  for u se  with the Fall 1991 cohort. As previously cited, R yan (1984a) h a s  s tre ssed  
the im portance of multiplistic thought in epistem ological developm ent, arguing tha t it em bod ies
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the  sc h e m e 's  "m ost fundam ental transition" (p. 1227). Although su ch  a  transition is ach ieved  
fully by reach ing  th e  period described  by Perry a s  com m itm ent to relativism , the s e e d s  of ts 
m ature concep tion  of know ledge can be  found in the a ssu m p tio n s  and  a ttitu d es of multiplistic 
thought. It w a s  h y p o th es ized  tha t not only w ould an  inverse  relation  b e tw een  s tu d e n ts ' 
dualistic and  multiplistic orientations be  found a t e a c h  time, but that d e c re a s e s  in dualism  would 
be accom pan ied  by in c rea se s  in multiplicity over time.
M ethod
In o rder to investigate  th e  relation betw een  affect and  ch an g e  in ep istem ological orientation 
during th e  transition  to co llege , two s e p a ra te  longitudinal s tu d ie s  involving a  total of 235 
su b jec ts  w ere  con d u c ted  during the Fall 1990 an d  Fall 1991 acad em ic  se m e s te rs . In each  
study , r e s p o n s e s  to  a s e r ie s  of q u e s tio n n a ire s  w ere  o b ta in ed  from  p a rtic ip an ts  a t four 
d ifferent tim es, roughly once  every  th ree  w eeks. T he d a te s  of the four observation  se s s io n s  
for the Fall 1990 cohort w ere O ctober 1 an d  3, O ctober 29 and  31, N ovem ber 14 and 19, and 
D ecem ber 3 and  4. The d a te s  of the four observation  se s s io n s  for th e  Fall 1991 cohort w ere 
O ctober 7 and  8, O ctober 28 and  29. N ovem ber 18 and  19, an d  D ecem ber 9 and  10.
P a r t ic ip a n ts
S tu d en ts  in bo th  longitudinal coho rts  v o lun teered  a s  p a rt of an  introductory psychology 
laboratory  req u irem en t, and  received  c o u rse  cred it for their participation . B e c a u se  only the 
ep is tem o lo g ica l d ev e lo p m en t of f irs t-se m e s te r s tu d e n ts  w e re  of in te res t, s tu d e n ts  b eyond  
th e ir first s e m e s te r ,  including tra n s fe r  s tu d e n ts , w ere  ex c lu d e d  from  partic ipa tion . No 
restric tions w e re  p lace d  upon  th e  num ber of m a les  o r fem a le s  a c c e p te d  into e ither cohort 
b e c a u s e  of th e  lack of g e n d e r d iffe ren ces in th e  resu lts  of S tudy 1; su b seq u en tly  fem ales 
com prised  80%  of the total sam p le . Of th e  250 total partic ipan ts recru ited , 235  com pleted  a t 
le a s t th e  first o b se rv a tio n , a n d  209 co m p le ted  a t le a s t th re e  of th e  four o b se rv a tio n s . 
D ifferences in sam p le  s iz e s  repo rted  below  reflect e ith e r in s ta n c e s  of m issing d a ta  o r the 
inclusion of ce rta in  m e a su re m e n ts  with only one  of th e  coho rts . U pon com pleting the final
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observation  se s s io n , partic ipan ts w ere  fully deb rie fed  accord ing  to gu ide lines e s ta b lish e d  by 
the University of New H am pshire 's Institutional Review  B oard (IRB).
In s tru m en ta tio n
T he  in s tru m e n ta tio n  u se d  w ith bo th  long itud inal c o h o r ts  in c lu d ed  a  d em o g rap h ic  
questionnaire  and a survey packet m ade  up of the following questionnaires evalua ted  in Study i 
a  sh o rten ed  version  of P erry 's  (1968) C hecklist of E d u ca tio n a l V iew s, the S ta te -T ra it Anxiety 
Inven to rv -F orm  Y (Spielberger, G orsuch , L ushene . V agg. & Ja c o b s , 1983), the Brief M ood  
In trospection  S c a le  (M ayer & G aschke , 1988), and  R oberts and  N e sse lro a d e 's  (1986) version 
of L evenson 's M ultidim ensional Locus of Control S c a le . In addition, participants in the Fall 1991 
cohort received  an  exp an d ed  version of the original dem ograph ic  q u estionna ire  a s  well a s  two 
additional psychom etric  q u estionna ires , a  m easu re  of am biguity to le ran ce  developed  by Kirton 
(1981), and  a  s c a le  d e s ig n e d  specifically  for th is stu d y  to m e a s u re  s tu d e n ts ' multiplistic 
ep is tem olog ica l orientation .
B ased  upon a  review  of sc a le s  for m easuring  to le ran ce  of am biguity (B uchanan , 1986), a 
sh o rten ed  version  of M acD onald 's (1970) A T-20 deve loped  by Kirton (1981) w as  ch o sen  a s  a 
m e a su re  of am biguity  to le rance . T his 11-item  version  of th e  original A T -20  re su lted  from 
K irton's (1981) finding th a t rem oving n ine  of th e  original 2 0  item s in c re a se d  its internal 
reliability from .61 to .72. To develop  a  m easu re  of multiplicity, tw enty s ta te m e n ts  regarding 
various a sp e c ts  of a  postdualistic  orientation w ere co nstruc ted  from a  collection of s ta tem en ts  
from s tu d e n ts  identified a s  m ultiplistic by B axter M agolda an d  P orterfield  (1988) using a 
w ritten m e a s u re  of ep is tem o log ica l d ev e lo p m en t. T he c o n s tru c te d  sc a le , th e  M ultip listic  
E p is tem o lo g ica l O rien ta tio n  S c a le  1M EO S1. w a s  d e s ig n e d  to  m e a s u re  th ree  fe a tu re s  of 
multiplistic thought, including th e  uncertainty of know ledge in so m e  dom ains, the cen tral role of 
the learner in creating  know ledge, and  th e  influence of persona l opinion in the determ ination  of 
know ledge. Psychom etric an a ly ses , similar to  th o se  perform ed in S tudy 1, w ere  conduc ted  to 
a s s e s s  th e  m easu rem en t p roperties of both the AT-2Q and  M FO S
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P rocedure
An efficient p rocedu re  for longitudinal d a ta  collection w a s  m ad e  p o ss ib le  through the  u se  of 
a  c o m p u te r-ad m in is te red  su rv ey  p rog ram  th a t allow ed p a rtic ip an ts  to  e n te r  r e s p o n s e s  to  
qu estio n n a ire  item s directly to a  com pu ter d a ta  file. After being briefly in structed  on th e  u se  
of th e  co m p u te r te rm inal an d  su rvey  p rogram , up  to  10 s tu d e n ts  a t a  tim e w ere  ab le  to  
co m p le te  th e  full su rv ey  usually  in le s s  th an  20  m inu tes e a c h . D uring th e  initial se s s io n , 
s tu d e n ts  w ere  g iven a  study-specific  identification num ber u se d  th roughou t their participation 
that allow ed them  to a c c e s s  th e  com puter-a ided  survey  program  a s  th ey  re tu rned  for additional 
s e s s io n s . In addition  to the  co m p u te r-a id ed  su rv ey s , all p a rtic ip an ts  co m p le ted  a  w ritten 
dem ograph ic  q u estionna ire  a t Tim e 1, which w as  later co d ed  and  ad d ed  to the  existing survey 
d a ta  file.
In th e  Spring of 1992, a  follow-up a s s e s sm e n t w as m ad e  with partic ipan ts in th e  Fall 1990 
cohort. Of th e  original 125, 89  w ere  co n tac ted  tw ice through th e  mail an d  a sk ed  to vo lun teer 
for a  follow-up se s s io n  re la ted  to their original participation. T w enty-nine so phom ore  s tu d en ts  
re sp o n d ed  an d  w ere  adm in istered  a  w ritten version  of the com pu ter-a ided  su rvey  u sed  during 
th e  four s e s s io n s  of th e  Fall 1990 study . E ach  vo lu n tee r w a s  p a id  $ 5 .0 0  for h is o r her 
participation  in th e  follow-up se ss io n .
Results
A dd ressin g  th e  m ethodo log ica l is s u e s  ra ised  in S ec tio n  II, th e  re su lts  of four d ifferent 
a p p ro a c h e s  to  ana lyz ing  c h a n g e  in ep is tem o lo g ica l o rien ta tion  a re  p re s e n te d  below : th e
d ifference  sc o re /re s id u a l c h a n g e  sco re , c ro ss-tim e  co rre la tions, re p e a te d  m e a s u re s  ANOVA, 
and  individual grow th modeling. R esu lts  a re  a lso  p re se n te d  from prelim inary a n a ly se s  for both 
co h o rts  an d  psychom etric  a n a ly s e s  of th e  two additional in s trum en ts  u se d  with th e  Fall 1991 
co h o rt.
P re lim inary  A n a ly se s
A fter d a ta  collection  w as  com ple te , descrip tive  s ta tis tic s  for all v a riab les  w ere  com puted  
an d  ex am in ed  for e rro rs . Similarly, th e  d istribution of e a c h  co m p o site  m e a su re  (i.e., multi­
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item sco res) w as exam ined  for any possib le  errors or unusual va lues. N one w as found m either 
in s tance . D ue to the au tom ation  of the d a ta  collection p ro c e ss , e rro rs  m ad e  by partic ipan ts 
w ere highly unlikely: how ever, s te p s  w ere take  to audit the com puter d a ta  files for th e  signs of 
any errors. Again, none  w as  found.
To determ ine  if the Fall 1990 and  Fall 1991 cohorts could b e  trea ted  a s  equivalent, group
m ean s  a s  a  function of cohort for each  of e leven  d ep en d en t variab les w ere  com pared  at each  of 
four time points. A se r ie s  of ANOVA te s ts  found no significant d ifferences betw een  the cohorts 
on any m easu re s  at any time point. B ecau se  this required  44 ANOVA te s ts  of significance to be 
run. a  fam ily-wise a lpha  level w as  se t at .05; a s  such , the probability of e a c h  te s t w as se t to 
a  « .001 (i.e., .05 44). T he only result that ap p ro ach ed  significance w as a  slight difference
in powerful o th e rs—ex terna l locus of control. Although on a v e rag e  the Fall 1990 cohort scored  
slightly h igher (M ean ■ 17.15, f iH  ■ 4 .39) than  the Fall 1991 cohort (M ean » 15.56, »
3 88), this d ifference  w as  not significant a t th e  p rede te rm ined  a lpha  level, £ (1 . 203) -  7.54, q  
» .007. In addition, the effect s ize  of this result w as found to be  w eak, £ -  .17. B ecau se  of the 
lack of g roup  d iffe rences am ong  the d ep e n d e n t variab les , the  two coho rts  w ere com bined  in 
o rder to in c rea se  sta tistical pow er and  reliability. This resu lted  in a  total sam p le  s ize  of 235
firs t-sem este r s tu d e n ts  participating a t up to  four tim e points.
P sychom etric  A n a ly ses
Using d a ta  ob ta ined  a t Tim e 1, both the m easu re  of am biguity to le ran ce  and  th e  m e a su re  of 
multiplistic ep is tem olog ica l o rien tation  w ere  found to  h ave  in ad eq u a te  in ternal reliabilities for 
this sam p le , A T-20 C h ro n b ach 's  a  « .35, M E O S  C h ro n b ach 's  a  ■ .31. In o rder to investigate
their underly ing fac to r s tru c tu re , principle c o m p o n e n ts  fac to r an a ly s is  of both in s tru m en ts  
w ere conducted  using re sp o n se s  obtained  a t Time 1. R otated  factor loadings for the sho rtened  
version  of th e  A T -2 0  an d  th e  20-item  M E Q S  a re  p re s e n te d  in T ab le  11 and  T ab le  12,
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!Tabla 11. Factor loadings from principle factor analys is  of AT-20 (N -  1051.
F a c to r
Item 1 2 3 4
T h e re 's  a  right w ay an d  a  w rong w ay to do ju s t abou t .4 0 2 2  - .18 48
e v e ry th in g .
.47 44 26 ■ .11
Practically every problem  h a s  a  solution.
.44 .4 2 .1 3  - 23
I h ave  a lw ays felt th a t th e re  is a c le a r d ifference betw een  
right and  wrong.
.40 . 1 6 .4 8 .0 7
N othing g e ts  accom plished  in this world u n less  you sick to 
so m e  b asic  rules.
.33 .0 7 .2 7 .0 2
If I w ere  a  doctor, 1 w ould p re fe r th e  u n ce rta in tie s  of a  
psychiatrist to the c le a r and definite work of so m eo n e  like a  
su rg eo n  or X-ray sp ec ia lis t.a
.42 - .28 .0 6 .2 5
V ague an d  im pression istic  pa in tings really have little appeal 
to  me.
.00 .1 8  - .04 - .11
B efore an  exam ination , 1 feel m uch le s s  anxious if 1 know  how 
m any q u estions th e re  will be.
.34 - 28  - .28 22
T he b e s t p art of working on a  jigsaw  puzzle  is putting in the 
las t p iece .
.45 - .03 .0 0  - .01
1 don 't like to work on  a  problem  un less th e re  is a  possibility 
of coming up with a  clear-cut and  unam biguous answ er.
.43 .37 .0 2 .0 4
1 like to fool around  with new  ideas , e v e n  if they turn  out 
later to b e  a  total w a s te  of tim e.a
.48 - .28 .2 3  - .14
Perfect b a lan c e  is th e  e s s e n c e  of all good com position.
V ariance exp la ined  4 8 .2 % 23.7%  1 5 .5 %  1 2 .5 %
Note: AT-2Q « M cD onald's Ambiguity T o lerance  20. S ho rtened  V ersion (Kirton, 1981) 
a  R ev ersed -sco red  item
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Table ' 2 .  Rela t ed fac t c '  'oadmgs *'cm prrc iQie  factcr  a r a ' v s i s  o* MEQS N » •?<?
F ac to r
Item  1 2  3 4 5 6
Co>iege g ra c e s  should be b a sed  
uoon the time and  effort a
stu d en t ou ts ,nto a co u rse , hot .61 25  .1 0  1 7  2 8  04
on actual perform ance on te s ts  
or ass ig n m en ts .
W hen I m ake a  decision, I often 
worry w hether or not I m ade  .69 - .08 .01 .0 7  01 ,03
the right ch o ice .3
W hat is im portant about 
so m eo n e 's  personal opinion is
not how m any fac ts they have  52 2 5  .2 8  - .02 .2 4  - .02
to back it up, but ra ther how 
strongly they believe it is true.
I like being in a  c la s s  w here I can  
e x p re ss  my opinion, b e c a u se  so  . 1 1  .7 2  .19 .0 2  .0 6  1 8
m uch of w hat you learn is just 
th e  p ro fe sso r 's  opinion 
a n y w ay .
O ften I feel like it's difficult to .7 4  .01 • .36 - .1 8  - .01 .03
know if my id eas a re  right or 
w rong .
T here a re  so  m any things about 
the world that w e don 't know
the an sw er to yet, and  w e .1 5  .7 9  .0 5  - .09 - .10 - .02
probably will nev er know the 
an sw ers  to m any of them .
In college, I've learned  that the 
im portant thing isn 't w h eth er
or not you get an answ er right, .0 5  .41 .0 2  .0 5  .5 8  .1 0
but ra ther how well you can  
suppo rt your a n sw e rs  with 
ev idence and  reason .
W here authorities and  experts  do 
not know the answ er, any .2 0  .2 6  .2 4  .01 .11 .01
opinion is a s  good a s  another.
I think the m ost im portant goal of 
college should be  to teach  .0 3  .4 9  • .03 .3 7  .2 9  - .05
s tu d en ts  to look a t things from 











F ac to r
1 2  3 4 5 6
I usually think m ore about sh o rt­
term  co n se q u e n c e s  than future 
o n es w hen I try to decide what 
do to m a situation.3
Too much time is often w asted  on 
c la s s  d iscussions b e cau se  som e 
s tu d en ts  ju s t like to hear 
th em se lv es  talk. 3
W hen two peop le  give different 
exp lana tions for the sam e  
thing, their exp lana tions a re  
affected  by their own personal 
beliefs, va lues, and  b iases.
The b e s t way to m ake the right 
decision  m m ost situations is 
to g e t expert advice and
follow it.3
G roup p ro jec ts in college 
co u rses  a re  a  bad idea b ecau se  
th e re  is alw ays a  's lack e r"  in 
every  group who never d o es  
h is /her part of th e  w ork.3
I would prefer to take a  cou rse  
in which s tu d e n ts  a re  required 
to work to g e th e r to learn 
c la s s  m aterial than  having to 
do  every th ing  individually.
I would be  aga in s t requiring all 
s tu d en ts  to tak e  c o u rse s  that 
s t r e s s  non-traditional po in ts 
of view, like W om en 's S tud ies 
o r A frican-A m erican 
L ite ra tu re .3
S om e college co u rse s  a re  only 
ab le  to p resen t opinions and 
theories, but o thers a re  ab le  
to  p re sen t facts and  real 
a n sw e rs .
- .21 .0 6  .04
- .38 .07  .70
.0 8  - .02 - .02
.0 4  - .13 .16
- .09 - .01 .10
.1 8  .2 3  - .12
.1 4  - .16 .81
.0 3  .0 2  - .31
.6 3  - 03 - 03 - . 0 9
.21 - 09 < 01 O'
.7 6  .11 .01 26
.6 0  - .43 - .14 - .22
- .03 - .28 .81 - .13
- .02 .2 8  .7 3  - .0 5
- .07 .0 4  - 01 .0 7




F a c to r
1 2 3 4 5 6 7
The purpose of an college 
instructor is to provide their 
expert know ledge on a specific 
to p ic .3
If I had  the choice , I would 
ra ther take an exam  that w as 
m ultiple-choice than  e s s a y .3
It s e e m s  to m e tha t it is 
im possib le to  accura te ly  judge 
w hat a studen t h as learned  in 
a  college c lass .
V ariance explained
- .21 2 2  - .03 .0 4  - 80  12 - 17
- .02 .1 0  .0 2  .1 1 - 13 - 14 - .17
.1 9  .34  - .10 .1 1 - .01 - .49 - .38
1 6 .3 %  1 0 .2 %  8 .7 %  7 .7 %  6 .4 %  6 .2 %  5 .5 %
a  R ev e rsed -sco red  item.
Note: M EOS -  Multiplistic Epistem ological O rientation S ca le
re s p e c tiv e ly .12 For th e  A T-20 th e s e  factor loadings reveal th a t six of th e  e lev en  item s have  a  
com plex factor s truc tu re  by loading strongly (i.e., > ± .35) on m ore than  o n e  factor. Similarly, 
six of 20 item s of th e  M E O S w ere  found to h ave  a  com plex factor structu re. B ecau se  of both 
th e  com plex  fac to r s tru c tu re  of m any of their item s an d  the ir po o r in ternal reliability, only 
ten ta tive  in te rp re ta tions w ere  m a d e  from re su lts  b a se d  upon com p o s ite  s c o re s  from e a c h  of 
th e s e  in strum ents .
R esu lts of Different A pproaches to Analyzing C h an g e  in 
Epistem ological O rientation During the  First S e m e s te r  in C ollege
D ifference S c o re s
In o rd e r to  ev a lu a te  th e  a d eq u acy  of th e  d ifference sc o re  app ro ach  to m e a su re  c h a n g e  in 
ep is tem o log ica l o rien tation , a  raw  d ifference  sc o re  for dualism  w a s  o b ta in ed  by sub trac ting  
s tu d e n ts ' com p o s ite  C LEV  sc o re s  a t Time 4 from th o se  a t  Time 1. T he 200  CLEV d ifference 
sc o re s  m easuring  linear c h an g e  ran g ed  from - 4 1  to + 38, had  a  m ean  of - 1.76 and  stan d ard  
deviation  of 8 .70 , and  w ere  found to  b e  norm ally d istributed, Shapiro-W ilk 's W. -  0.96, g  *  70.
In te rm s of w hat th e s e  d ifference s c o re s  m ean , it is worth noting th a t th e  a v e rag e  am oun t 
of linear c h a n g e  be tw een  CLEV sc o re s  a t Tim e 1 and  Time 4 w as  extrem ely  sm all. In fact, to 
ach ie v e  ev en  a  liberal level of sign ificance, 1(200) -  1.20, g  «  .10, a n  individual's am ount of 
c h a n g e  h ad  to  b e  a t le a s t ± 12.2 to b e  significant. U sing th is criterion  to  g roup  s tu d e n ts  
accord ing  to their d e g re e  of linear ch an g e , e igh t (3.4% ) had  increasing  CLEV  sc o re s  b e tw een  
Time 1 and  Time 4, 50  s tu d en ts  (21.4% ) had  declining CLEV sc o re s  betw een  Time 1 and  Tim e 4, 
an d  176 (75.2% ) had  no ch an g e  betw een  Tim e 1 and  Time 4. From th is nom inal grouping, it is 
a p p a ren t tha t m ost s tu d en ts  report no  linear c h an g e  from Time 1 to  Tim e 4.
T he  d e g re e  to  w hich c h a n g e  m ay b e  nonlinear, how ever, c a n n o t b e  a d d re s s e d  by th e  
d ifference  sco re . F igure 2 p re s e n ts  a  random  sam p le  of CLEV sc o re s  of 10 s tu d e n ts  a t  four
12 Only th o se  ex trac ted  fac to rs having e ig en  v a lu es g rea te r than  1.0 a re  p re se n te d  in T able 11 













Time 1 Time 2 Time 3 Time 4
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tim e points, and  su g g e s ts  that som e individuals' ch an g e  may not be m easu red  adequate ly  with a  
linear c h a n g e  m odel like th e  d ifference sco re . T h e se  p a tte rn s  of ch an g e , given th e  n o n l i n e a r  
co n cep tio n  of d ev e lo p m en t d e sc r ib e d  by P erry  (1977, 1981), ind ica te  th a t the d i f f e r e n c e  
sco re , a  m easu re  of linearity, is not th e  b es t m ethod  for m easuring  ch an g e  m epistem ological 
o rien ta tio n .
R esidual C hange S co res
D espite  th e  problem  of using a  linear m odel to m easu re  c h a n g e  in firs t-sem este r s tu d en ts ' 
ep istem ological orientation, residual ch an g e  sco re s  in dualism  sc o re s  betw een  Time 1 and  Time 
4 w ere  co m pu ted  in o rd e r to a d d re s s  the a d eq u acy  of th is typical a ttem p t to im prove the 
d ifference  sc o re  a s  a  m e a su re  of ch an g e . T ab le  13 p re s e n ts  both ze ro -o rd e r co rre la tions 
b etw een  raw  ch an g e  and  17 variab les obtained  at Time 1 and  partial correlations controlling for 
initial s ta tu s  be tw een  the  s a m e  v ariab les . T h e se  partial co rre la tio n s provide a  m e a su re  of 
residual c h a n g e  in C LE V  dualism  sc o re s  controlling for interindividual d iffe ren ces  in initial 
s ta tu s . The only significant re la tionsh ip  found w as  a  neg a tiv e  correlation  w as be tw een  raw 
c h a n g e  and  initial s ta tu s ,13 an  unsurprising  finding given the d iscussion  of th e  difference sco re  
p re s e n te d  in S ec tio n  II. In add ition , of the  16 partia l co rre la tio n s  com pu ted , significant 
n eg a tiv e  co rre la tio n s  w ere  found  b e tw een  re s id u a l c h a n g e  a n d  four m e a s u re s  of m ood: 
p leasan t, a ro u sed , positive, and  overall mood.
A lthough so m e  of th e s e  partia l co rre la tio n s  a re  sign ifican t, th e ir m ean ing  is u n c lea r 
b e c a u se  of th e  m ethodological im plications of equalizing individual d ifferences in initial s ta tu s . 
Ignoring interindividual d iffe ren ces in initial s ta tu s  h a s  b e e n  show n by R o g o sa , B randt, and 
Zimowski (1982) to h av e  se r io u s  flaw s in te rm s of both  its com putation— m ost form ulae for 
com puting residual ch an g e  sco re s  result in b iased  an d  im precise m easu res  of true ch an g e— and
13 Although the  negative correlation betw een  raw  ch an g e  and  th e  num ber of cam pus activities 
a p p ro a c h e d  sign ificance, a fter in specting  the sca tte rp lo t of th e s e  v ariab les , a  decis ion  w as 
m ade  to d e le te  o n e  c a s e  b e c a u se  of its ex trem e value  for num ber of cam p u s activities (ACTIVE
* 7, £  a  4 .04 , p  < .01). With th is atypical c a s e  rem oved , th e  co rrelation  be tw een  th e s e  
v ariab les  w as  nonsignificant, i  * - .16, ft ■ .10.
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Table 13. C orrelations betw een  variab les a t Time 1 and c h an g e  and  residual ch an g e  m dualism  
sco re s  from Tim e 1 to Time 4.
Time 1 
V ariab le U
C orrelation  with 
C hange in Dualism 
L B
C orre la tion  





Dualism 201 - 0 .25 < 0.001 7 9 - -
Internal LOC 2 0 0 0.01 0 .9 3 79 - 0 .14 0 .2 3
Chance LOC 2 0 0 0 .0 9 0 .21 79 0 .01 0 .9 0
Pow erful O th e rs 2 0 0 0 .0 3 0 .7 2 7 9 0 .0 1 0 .9 4
S ta te  A nxiety 2 0 0 0 .0 3 0 .6 4 7 9 0 .0 2 0 .8 8
T rait A nxiety 20 1 - 0.01 0 .9 4 7 9 0 .1 8 0.1 1
P lea san t Mood 2 0 1 - 0 .07 0 .2 9 7 9 - 0 .29 0 .01
A roused Mood 20 1 - 0 .10 0 .1 5 7 9 - 0 .23 0 .0 4
Positive Mood 201 - 0 .09 0 .21 7 9 - 0 .30 0.01
N egative Mood 201 - 0 .05 0 .5 2 7 9 0 .1 2 0 .3 0
Overall Mood 20 1 - 0 .08 0 .2 6 7 9 • 0 .26 0 .0 2
Ambiguity T o le ran ce 1 0 0 - 0 .06 0 .5 7 7 9 - 0 .30 0 .01
SA T -V erbal 9 4 0 .1 3 0 .2 2 7 9 - 0 .03 0 .7 8
S A T -Q u an tita tiv e 9 5 0 .11 0 .2 8 7 9 0 .0 5 0 .6 9
High School GPA 8 6 - 0 .09 0 .4 1 7 9 0 .01 0 .9 6
C am p u s Activity 1 0 2 - 0 .18 0 .0 7 7 9 - 0 .20 0 .0 7
C o u rse  Difficutly 1 0 2 - 0 .06 0 .5 8 7 9 • 0 .20 0 .0 8
a  Partial correlation  controlling for dualism  sco re  at Time 1
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its logic— it re p la c e s  a  ra th e r straight-forw ard questio n  ab o u t true  intraindividual c h a n g e  with 
the com plex question  of how m uch individuals would have  ch an g ed  if they  all began  a t  the sam e
point.
C ro ss -tim e  C orre la tion  Matrix
In o rder to  ex am in e  th e  ability of a  c ro ss-tim e  co rrelation  m atrices  to  m e a s u re  ch an g e , 
intercorrelations be tw een  dualism  and  am biguity to lerance  s c o re s  w ere com puted  for e a c h  tim e 
point. T h e se  in tercorrelations, p re se n te d  in T able 14, reveal th a t to le ran ce  for am biguity and  
d u a lism  a re  co n s is ten tly  neg a tiv e ly  c o rre la te d  a t four d iffe ren t p o in ts  in s tu d e n ts ' first 
s e m e s te r  in co llege . H ow ever, b a s e d  solely  on th e s e  re su lts , it is difficult to g e n e ra te  an 
in terpretation  of how c h a n g e  in e ither variab le  is re la ted  to the ch an g e  in th e  o ther. B ecau se  
th is a n a ly s is  c o n ta in s  no inform ation  ab o u t e s t im a te s  of underly ing  tru e  c h a n g e , th e s e  
co rre la tions p re se n t d isc re te  and  unre la ted  inform ation (at le a s t a s  a  function of tim e) abou t 
th e s e  two co n stru c ts .
R ep ea ted  Me a su re s  ANOVA
T he ability of a  rep ea ted  m e a su re s  ana ly s is  of variance  to  provide inform ation ab o u t ch an g e  
o ver tim e w as  exam ined  by investigating  th e  re lationsh ip  b e tw een  m ean  dualism  s c o re s  over 
e a c h  of th e  four p o in ts  and  initial leve ls of am biguity  to le ran ce . Initial level of am biguity 
to le ran ce  w a s  c h o se n  a s  a  grouping variab le  given its its correlation  with dualism  a t e a c h  tim e 
point. E ach  of 105 su b jec ts  w as  a ss ig n ed  to  one  of th ree  g ro u p s  by partitioning th e  distribution 
of initial am biguity to le ran ce  s c o re s  approxim ately  into thirds. With th is a ss ig n m en t stra tegy , 
37 s tu d e n ts  w ere  c lassified  a s  high in am biguity to lerance , 27  s tu d en ts  w ere  classified  a s  low 
in am biguity  to le ran ce , with th e  rem ain ing  2 6  s tu d e n ts  c lassif ied  into a  m oderately  ambiguity 
to le ran t group . A 3  (group) X 4 (time) re p e a te d  m e a su re s  ANOVA w as u sed  to  te s t  for any 
m e a n  d if fe re n c e s  in d u a lism  a s  a  function  of e ith e r  am biguity  to le ra n c e , tim e, o r their 
in te ra c tio n .
G iven this classification , it w a s  hypo thesized  th a t th e re  w ould th e re  b e  a  significant main 
effec t for bo th  am biguity  to le ran ce  g roup  an d  tim e. In addition , a  significant g ro u p  X tim e
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Table 14. In tercorrelations am o n g  dualism  s c o re s  and  ambiguity to le ran ce  s c o res  at four






a t Time 3
Dualism 
at Time 4
Ambiguity T o lerance  at Time 1 -0 .5 7 -0 .5 7 -0 .6 6 -0 .59
Ambiguity T o lerance  at Time 2 -0.54 -0 .5 9 -0 .6 6 -0 .6 6
Ambiguity T o lerance  at Time 3 -0 .5 1 -0 .5 8 -0 .6 7 -0 .6 5
Ambiguity T o lerance  at Time 4 -0 .53 -0 .4 1 - 0 .5 8 -0 .5 3
Note: All co rre la tions significant a t q , < .001 (two-tailed)
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in teraction  w as  exp ec ted , b e c a u se  it w as  felt th a t s tu d e n ts  initially high in am biguity to le rance  
w ould ex p e rie n c e  a  g re a te r  d e c re a s e  in dualism  sc o re s  over tim e. T his specific  in teraction  
hypo thesis w as  b a se d  on  the assum ption  tha t ambiguity to lerant s tu d en ts  would b e  m ore open to 
modifying their ep istem ological beliefs th a t le s s  am biguity to leran t s tu d en ts .
T he resu lts  of the rep ea ted  m e a su re s  ANOVA are  p re sen ted  in T able 15, including sum m ary 
tab le  inform ation; cell s iz e s , m e a n s , a n d  s ta n d a rd  dev ia tio n s ; an d  m arg inal m e a n s . As 
ex p ec ted  th e re  w as a  highly significant main effect for initial am biguity to le ran ce . C ollapsing 
a c ro s s  tim e, a lm ost half of th e  total va riance  in th e  dualism  sc o re s  is acco u n ted  for by initial 
levels of am biguity to lerance . C ollapsing a c ro s s  g roups, th ere  w a s  a  significant m ain effect for 
d iffe rences in dualism  sc o re s  over time, how ever this only accoun ted  for 3%  of the  variance  in 
dualism  sc o re s . Last, no significant in teraction  of d ifferences in th e  am oun t of c h a n g e  a s  a 
function of am biguity  to le ran ce  group , disconfirm ing th e  h y p o thesis  th a t s tu d e n ts  w ho sta rted  
th e  s e m e s te r  m ore  to leran t of ambiguity would ex perience  m ore c h a n g e  in their dualism  sc o re s  
than  o th er s tu d en ts . A visual sum m ary of th e s e  resu lts is show n in Figure 3.
Although th e  rep ea ted  m easu re  ANOVA approach  is ab le  to provide so m e  information about 
d iffe ren ces  in ep is tem o log ica l o rien ta tion  during th e  transition  to  co llege— for ex am p le  th a t 
CLEV sc o re s  a s  a  function of g rouped  levels of initial am biguity to le rance  a re  different from one  
an o th e r a t so m e  of th e  four points— this information ab o u t d ifferences can n o t be  in terp re ted  a s  
describ ing  c h a n g e  in a  con tinuous se n s e . Like th e  cro ss-tim e  correlation  matrix, no attem pt is 
m ade  to e s tim a te  d ifferences a s  a  function of con tinuous tim e, bu t ra th er relies on information 
abou t ch an g e  in th e  form of d isc re te  tim e points. A nother limitation of th is type of ana ly s is  is 
th a t m uch  of th e  inform ation regard ing  in terindividual d iffe ren ce  in c h a n g e  a re  lost w hen 
su b jec ts  a re  g rouped  into su ch  ordinal c a te g o rie s  a s  'h igh,* 'm odera te ,*  an d  ‘low.*
R ela tive  to  p rev iously  d e sc r ib e d  a p p ro a c h e s  to  analyz ing  c h a n g e , re p e a te d  m e a s u re s  
ANOVA d o e s  a  fairly good job  of providing information ab o u t c h an g e , ev en  if th a t c h a n g e  is a t 
the level of so m e  broad grouping variable. This m ay be  ad e q u a te  for so m e  if not m any types of
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dualism  a s  a  function of initial am biauitv  to le rance  arouD. time, and  a ro u o  bv time interaction
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q u e s tio n s  d e v e lo p m e n ta lis ts  ask . H ow ever, o n e  critical lim itation of th is ap p ro ach  is is  
inability to say  anything abou t individual growth.
G r o w th  curve m odeling
In order to  an a ly ze  ch an g e  in individual s tu d en ts ' ep istem ological orientation, a  se rie s  of an  
individual grow th m odeling  a n a ly s e s  w as  perfo rm ed  (R o g o sa , B randt. & Zim owski, 1982; 
W illett, 1988). As d is c u s s e d  in S ection  II, IGM involves perform ing individual reg re ss io n  
a n a ly se s  and obtaining e s tim a te s  of true latent growth in the form of slope  coefficients. T h ese  
e s tim a te s  of grow th can  then  b e  u sed  a s  d ep en d en t or criterion variab les m o rder to a d d re ss  
q u es tio n s  about th e  ex is ten ce  of any sy stem atic  interindividual d ifferences in true growth. 
D escrib ing  Individual Growth Using T hree  M odels. Initially th ree  different true  grow th m odels 
w ere  fit to e a c h  ind iv iduals ' four dualism  sc o re s : a  linear m odel, a  q u ad ra tic  m odel,
and  a  cubic m odel. Form ula 1 (s e e  Section  II) provides the g enera l "true s c o re ’ m athem atical 
m odel with which the  linear m odel reg ression  equation  w as constructed . Using similar notation, 
the quadratic  m odel reg ression  equation  w as:
X ip  ■ ^ p  (tj) + Jjp (tj)2 +  £ jp  (2 )
With th e  quadra tic  m odel, a  seco n d  term , Jjp (tj)2 , h a s  b e e n  ad d ed  to the linear m odel. This
term , in e s s e n c e , is an e s tim a te  of th e  d e g re e  to  w hich th e  true  grow th m odel h a s  a  single
curvilinear ’bend* to it. Likewise th e  cubic m odel a d d s  a  third term:
^ i p  ■ £ p  (ti) ♦ ^ p  (tj)2 ♦ ^ p  (tj)3  + E jp  (3 )
The third term  e s tim a te s  th e  d e g re e  to which true grow th h a s  a  seco n d  ’bend* or ch an g e  in
d irec tio n .
N ote that both Form ula 2 and  Form ula 3 desc rib e  polynom ial m odels of growth: that is each  
h a s  m ore than  o n e  s lo p e  e s tim a te  to d e sc rib e  grow th, an d  e a c h  inc ludes th e  te rm s from 
p rev io u s  ’ low er-o rder’ m odels. T herefo re , a  linear IGM will p rov ide a  m e a s u re  of the 
linearity of an individual's true growth; a  quadratic  IGM will provide a  m easu re  of the linearity 
and  th e  ‘q u ad ra tic -n ess*  of an  individual's true  grow th: an d  a  linear IGM will provide a 
m e a s u re  of th e  linearity, th e  ’quad ra tic -n ess*  and  th e  ’cub ic-ness*  of an  individual's true
8 6
grow th. In addition, given tha t tour m e a su re s  of dualism  d a ta  w ere ob tained  from each  studen t 
a cubic growth m odel will b e  ab le  to account for all of the variance  in the data.
Figure 4 p re se n ts  a  com parison  of th e  increasing  com plexity of th e s e  th ree  growth m odels 
m their estim ation  of true grow th in a collection of 10 s tu d e n ts ’ dualism  sc o re s  ob tained  over 
th e  Fall 1990 academ ic  sem es te r . In th e  first of th is se r ie s  of plots, one s tu d en t’s true lirea r 
grow th in dualism  can  b e  s e e n  to beg in  a t approxim ately  85 and  g row s to 100 by Tim e 4 
su g g es tin g  strongly positive linear grow th. H ow ever, com paring the following plots, it is c lea r 
th a t a  sim ple linear m odel d o e s  not tell the  w hole developm en ta l story. U sing a  quadra tic  
m odel, th is sa m e  s tu d e n t's  true  grow th could b e  d esc r ib ed  a positively linear and negatively 
quadra tic . Last, by moving to  a  cubic m odel, m ore detail can  b e  s e e n  in this s tu d en t's  true 
grow th, w hich could  b e  d e sc r ib e d  a s  positively linear, negative ly  quad ra tic , and  negatively  
cubic (i.e., its overall up-and-dow n oscillation h a s  a  dow nw ard trend).
S tem -and -lea f h is to g ram s displaying th e  re su lts  of e a c h  grow th m odel a re  p re se n te d  in 
F igure 5 (linear m odel), F igure 6 (quadra tic  m odel), an d  F igure 7 (cubic m odel).14 T h ese  
h is to g ram s display  th e  frequency  of th e  e s tim a ted  true  ra te s  of grow th (i.e., s lo p es) a c ro s s  
e a c h  su b jec t. In addition , d escrip tiv e  s ta tis tic s  for th e  e s tim a te s  of true  grow th ra te  a re  
p resen ted , along with m ean  goodness-of-fit of e a c h  particular m odel a c ro s s  all s tuden ts.
T h e se  e s tim a te s  provide m eaningful inform ation abou t individual grow th in dualism  sco re s  
a c ro s s  s tu d e n t 's  first s e m e s te r , and  a lthough  th e  g en e ra l m agn itude  of c h a n g e  is not too 
rem ark ab le , a  g re a t dea l of variability in ra te s  of g row th— a c ro s s  all m o d els— is no tab le . 
Information abou t th e  relative ability of e a c h  m odel to accoun t for v arian ce  in s tu d en ts ' sco re s  
can  b e  se e n  in th e  va lues of the &  s ta tistics. As would b e  expec ted , the  increasing  complexity 
of e a c h  growth m odel allows it to accoun t for m ore variance  than  p rev ious m odels: th e  linear 
m odel acco u n ts  on av e rag e  for le s s  than  half of th e  variance, the quadra tic  m odel accoun ts  for
14 A version  of th e  SAS<& com pu ter program  for conducting  a  linear individual grow th m odel 
an a ly s is  deve loped  by Willett (1987/1991) a p p e a rs  in Appendix A.
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Figure 7.— H 'Stoaram  and  sum m ary  s ta tis tic s  of s lo p e  e s tim a te s  of true  'm ea r grow th * 
s tu d en ts ' ep istem oloaical dualism  during the first s a m e s ta r  in co llege (N » 2 0 9 ).
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F g u r e  6. H i s t o g r a m  a n d  s u m m a ry s t a t i s t i c s  of  s l o p e  e s t i m a t e s  o f  t r u e  q u a d r a t e  ; r o w :  
s t u d e n t s '  e o i s t e m o i o q i c a l  d u a l i s m  d u r n a  ! * e  f irs t  s e m e s t e r  m c o l l e g e  (N .  2 0 9 ) .
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Figure 7. H istogram  and  sum m ary  s ta tis tic s  of s lo p e  e s t im a te s  of tru e  cub ic  growth in
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a little over half the variance, and  the cubic m odel acco u n ts  for all of the total variance  ,n :*e 
ch an g e  in s tu d en ts ' dualism  scores.
B ec a u se  of its e n h an ced  precision  estim ating  true growth from o bserved  grow th, th e  cu o x  
model w as ch o sen  a s  the m ost appropriate  m odel to describe  epistem ological growth during the 
initial transition to college. The cubic model w as also  se e n  a s  the m ost appropriate  m odel for 
m easu rin g  th e  type of grow th th a t P erry  (1977 , 1981) ind ica ted  typifies in te llectual and 
ethical developm ent. A cubic m odel allow s for the m e asu rem en t of both linear grow th and 
re c u rs iv e  g row th : both  th e  g en e ra l trend  aw ay from dualism  and  th e  fluctuations betw een
dualistic and  multiplistic beliefs can  be  accom m odated  with this model.
Investigating  S y stem atic  Intenndividual D ifferences in T rue G row th . A s described  in Section 
II. th e  seco n d  s tep  involved in IGM is desig n ed  to an sw er questio n s abou t why som e individuals 
may be  growing a t different ra te s  then  o thers. W hen grow th is m easu red  using a  linear model 
this is d o n e  by co rre la ting  linear s lo p e  e s tim a te s  of true  grow th with so m e  o th e r variab le , 
usually  m e a su re d  a t Tim e 1 or befo re . H ow ever, w hen a  cub ic  m odel is c h o se n , the 
inves tiga to r is faced  with th e  problem  of accoun ting  for d iffe ren ces in th ree  d im en sio n s of 
grow th. T he m o s t stra igh t-fo rw ard  p ro c e d u re  for to  acco u n tin g  for d iffe ren ces  in cubic 
growth is to ex tend  the app ro ach ed  u sed  with a  linear m odel by correlating individual predictor 
v a riab le s  with e a c h  of th e  th re e  s lo p e  coefficen ts ob ta in ed  in th e  cub ic  grow th m odelling 
ana ly s is (i.e., linear, quadratic , and  cubic).
T ab le  16 p re s e n ts  corre la tions am ong 17 variab les m easu red  at Tim e 1 and  e a c h  of the 
reg ress io n  coeffic ien ts ob ta ined  by m odelling th e  cubic grow th in dualism  sc o re s  over time. 
From th is collection  of in terco rre la tions, it a p p e a rs  th a t only in a  few in s ta n c e s  a re  initial 
affective, personality , o r d em ograph ic  v a riab le s  a s s o c ia te d  with d iffe ren ces in e a c h  of the 
th ree  co m p n en ts  of true cubic grow th. Aside from th is lack of assoc ia tion , th is correlational 
ap p ro ach  a lso  p re se n ts  so m e  difficulty in in terpre tation  d u e  to th e  fact tha t e a c h  reg ression  
term is ana lyzed  independently . In order to an a lyze  th e  relation be tw een  pred ictor variab les
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Table 16. C orrelations am ong variab les obtained at Time 1 and  reg ress io n  coefficients m clD c 
growth model of dualism  during the first se m e s te r  in college.
Linear Slope Q uadratic S lope Cubic Slope
V ariable at Time 1 U L Q L Q L B
D ualism 1 8 0 .01 .8 5 .1 7 .0 2 - .16 03
Internal LOC 1 7 9 - .02 .7 7 .0 4 .5 9 - .02 .75
Chance LOC 1 79 .0 7 37 - .09 .2 2 .0 4 .6 3
Powerful O thers LOC 1 79 .0 4 .6 2 - .02 .8 0 .01 .92
S ta te  Anxiety 1 7 9 .0 3 .7 3 - .07 .3 7 .0 4 .5 7
T rait A nxiety 18 0 - .05 .4 5 - .13 .0 9 .1 1 .1 4
P le a sa n t Mood 1 8 0 - .11 .1 4 .0 3 .6 8 .01 .8 6
A roused Mood 1 8 0 - .10 .1 8 • .04 .5 9 .0 5 .51
Positive Mood 18 0 - .17 .0 2 - .03 6 5 .0 8 29
N egative Mood 1 8 0 .0 8 .2 7 - .03 6 6 - .03 .73
Overall Mood 1 8 0 - .02 .8 3 .0 6 4 2 - .04 .57
Ambiguity T o le rance 9 0 - .11 .31 .0 3 76 .01 .96
SA T -V erbal 8 2 .0 8 .4 5 .0 3 7 9 - .05 .67
S A T -Q u an tita tiv e 8 3 .0 6 .61 .2 2 0 5 - .16 .14
High School GPA 77 .0 3 .7 6 .11 3 6 - .09 .43
C a m p u s  Activity 9 0 - .11 .3 0 .0 8 4 4 - .06 .53
C o u rse  Difficutly 9 0 .0 9 .4 0 .11 3 2 - .12 .2 4
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and  m ore than  o n e  d im ension of true grow th, an alternative stra teg y  deve loped  by Belsky and 
R ovm e (1990) w as a lso  u sed  with this data .
In a study of m arital sa tisfac tion . Belsky and  R ovine (1990) s u g g e s te d  tha t w hen  faced 
with variability in the type, a s  well a s  th e  am ount, of true grow th, a  sen s ib le  stra teg y  is to 
c lassify  su b je c ts  into v a rio u s p a tte rn s  of c h a n g e  th a t co rre sp o n d  to their s lo p e  e s t i m a t e s .  
O nce  su b je c ts  a re  c lassified , various inferential te c h n iq u e s  can  be  u sed  to in vestiga te  th e  
e x is te n c e  of sy s te m a tic  d iffe ren ces  am ong  true  grow th p a tte rn s . O n e  d raw b ack  to th is  
p ro c e d u re  is th a t in c lassify ing  su b je c ts  a ce rta in  am o u n t of inform ation ab o u t individual 
d iffe ren ces in grow th is lost, a s  it is in re p e a te d  m e a s u re s  ANOVA. T hus th e  re se a rc h e r  
in te re s ted  in u n d e rs tan d in g  d iffe ren ces  am ong  p a tte rn s  of grow th is faced  with a  cho ice  
b e tw een  using a  sim pler m odel to d e sc r ib e  grow th (i.e.. linear), or to lo o se  so m e  information 
regard ing  interindividual ch an g e . For th is study, it w as  dec id ed  th a t any  loss of information 
would be  outw eighed by the m ore accu ra te  m easu re  of growth p re sen ted  by the cubic model.
S u b je c ts ' grow th  ra te s  w ere  c la ss if ied  by tran sfo rm ing  the ir raw  d ua lism  sc o re s  into 
ordinal com ponen t sco re s , through a  p ro c e ss  desc rib ed  by Belsky and  Rovine (1990) similar to 
o rthog ina l polynom ial c o n tra s t c o d in g s .15 O n ce  e a c h  of th e  th ree  s lo p e  e s tim a te s  of each  
individual's grow th in dualism  w as ob tained , it w as transform ed into a  stan d ard ized  j - s c o re .
For e a s e  of interpretation, and  b e c a u se  of the concep tualiza tions of ch an g e  found in P erry 's 
m odel, only th e  s ta n d a rd iz e d  linear an d  cubic  s lo p e  e s tim a te s  w ere  c h o se n  a s  a d e q u a te  
d e sc r ip tio n s  for c lassify ing  s tu d e n ts ' ep is tem o lo g ica l grow th. F igure  8 p re s e n ts  a  m atrix 
c rossing  linear an d  cubic slope estim a te  t - s c o re s  for 180 stu d en ts , with e a c h  s tu d en t's  ch an g e  
in dualism  sc o re s  desc rib ed  in term s of its linear and  cubic ch an g e . For exam ple, a  stu d en t 
exhibiting a  strong  overall d e c re a s e  and  an  overall fluctuating c h an g e  is located  in this matrix 
by intersecting th e  linear (* * -3) and  cubic ( j  ■ -2) d im ensions.
15 T he fo rm ulae  u sed  in determ in ing  p a tte rn s  of linear, q u ad ra tic , an d  cub ic  grow th a re  
p resen ted  in Appendix B.
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F i g u r e  8 .  M a tr ix  c r o s s i n g  l i n e a r  a n d  c u b ic  t y p e s  for c h a n g e  in s t u d e n t s '  d u a l i s m  s c o r e s  d u r i n g  
t h e  f irs t  s e m e s t e r  in c o l l e g e  ( N - 1 8 0 ) .
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As ex p ec ted  given p rev ious resu lts , th e  large num ber of s tu d en ts  had  ^ -sc o re s  betw een  
and +1 for the d im ensions of linear and  cubic ch an g e  (a  = 30). T h ese  v a lu es rep re sen t those 
s tu d e n ts  w ho rep o rted  relatively no c h a n g e  in their dualism  sc o re s  a c ro s s  four tim e points 
Moving aw ay  from the  ce n te r of th e  matrix, som e variation in both d im ensions is found, with 
cell frequencies becom ing sm aller and  sm aller. Given this distribution of linear and  cubic slope 
e s tim a te s , five p a tte rn s  of c h a n g e  w ere  d e s ig n a te d : no linear c h a n g e , stra ig h t decline,
stra igh t in c rease , fluctuating decline, and  fluctuating in c rease . F igure 9 p re se n ts  a  sum m ary 
of th e s e  p a tte rn s  ob ta ined  by partitioning th e  cells of th e  linear-cubic matrix into five groups.
O n ce  the grouping describ ing pa tte rn s  of ch an g e  w as form ed, a  se r ie s  of one-w ay ANOVAs 
w as perfo rm ed  to investiga te  the ability of four of th e s e  p a tte rn s  to acco u n t for variance  m 
variab les m easu red  initially and  throughout th e  Fall se m e s te rs . In o rder to  in c rease  the ch an ce  
of finding differenced am ong th e se  variables, s tuden ts  falling into th e  no c h a n g e  group  w ere not 
included in th e s e  a n a ly se s . It w a s  felt th a t by em p h asiz in g  th e  m ore ex trem e  p a tte rn s  of 
c h an g e , m ore could  b e  lea rned  ab o u t th e  p ro c e ss  of the initial b reakdow n of epistem ological 
dualism .
Five dem ographic  variab les m easu red  a t Time 1 w ere included in th e s e  ana ly ses: s tuden ts ' 
se lf-report of their SAT-Verbal sc o re s , SA T-O uantitative sco re s , and  high school g rad e  point 
a v e ra g e s ; the  total num ber of c a m p u s  activities s tu d en ts  an tic ipated  they w ould b e  involved in 
during th e  sem es te r ; and  s tu d e n ts ' av e rag e  perceived  difficulty of their s e m e s te r  co u rse  load. 
S even  ind ices of affect and  m ood over th e  four time points w ere  a lso  exam ined  in relation to 
s tu d en ts ' p a tte rn s  of ch an g e  in dualism . T h ese  indices included the within-individual m ean s of 
the following: s ta te  and trait anxiety; p le a sa n t m ood; a ro u se d  m ood; positive m ood: negative 
m ood; a n d  overall m ood. Last, five ind ices of perso n a lity  w ere  ex am in ed  in relation  to 
s tu d en ts ' p a tte rn s  of ch an g e  in dualism , a lso  com puted  by averag ing  sc o re s  a c ro s s  e ach  of the 
four tim e points. T h ese  included th ree  d im ension of locus of control—internal, ex ternal-chance , 
and  external-pow erfu l o th ers; to le ran ce  of am biguity; and  multiplicity.
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F ;pu re  9. C lassification  of p a tte rn s of linear a nd cubic c h an g e  in s tu d e n ts ' e p s i te m o 'c o  c a 1
n r e r t a t . 'Q n  d u r i n g  t h e  initial t r a n s t i o n  to  c o l l e g e  IN -  180) .
Linear
Cubic
■3 - 2  -
Fluctuating decline group ( n - 2 6 )
St raigh t  decline group  ( n » 2 6 )
No l in ea r  change group  ( n - 7 i )
S tra ight  increase group ( n - 2 9 )
Fluctuating increase group ( n * 2 8 )
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For the a n a ly s e s  of d em o g rap h ic  v ariab les , it w as  hyp o th es ized  th a t s tu d e n ts  m both 
in c rea s in g  g ro u p s  w ould report m ore difficult c o u rs e  lo ad s , and  s tu d e n ts  in the stra igh t 
d e c re a s in g  g roup  would report the  g re a te s t levels of co u rse  difficulty. B e c a u se  th ere  is no 
c lea r link be tw een  ep is tem olog ical orientation  and  perfo rm ance on te s ts  of scho lastic  aptitude 
(King, 1978), no significant d ifferences w ere  ex p ec ted  in SAT sco re s  or high school GPA a s  a 
function of the pattern  of ch an g e  in dualism . In addition no difference w as ex p ec ted  m stu d en ts ' 
level of cam p u s activity a s  a  function of dualism  ch an g e  pattern .
R egarding m easu re s  of affect and  m ood, it w as hypothesized  tha t s tu d en ts  in the d ecreas ing  
p a tte rn s  would report lower levels am ong th e  m e a su re s  of negative a sp e c ts  of affect and  mood, 
including s ta te  anxiety, trait anxiety, and  negative  m ood d u e  to  th e  ap p aren t accom m odation  of 
their ep istem ological beliefs. Following this hypothesis, s tu d en ts  in the  stra igh t declining group 
w ould report th e  low est leve ls of all g ro u p s . Sim ilarly, s tu d e n ts  in th e  "accom m odating" 
p a tte rn s  w ould report h ig h e r leve ls of positive a s p e c t of m ood, including p le a s a n t m ood, 
positive m ood, and  the m easu re  of overall mood.
Last, th e  m e a su re s  of personality  e x p e c te d  to  b e  a s s o c ia te d  with g re a te r  d e c re a s e s  in 
ep is tem olog ical dualism  included internal locus of control, am biguity to le ran ce , and  ag reem en t 
w ith m ultiplistic ep is tem o lo g ica l be liefs. B a se d  upon  K nefelkam p an d  S le p itz a 's  (1976) 
findings, s tu d e n ts  in th e s e  g ro u p s w ere  e x p e c te d  to report h igher levels of internality than  
s tu d e n ts  with increasing p a tte rn s  of dualistic ch an g e . G iven their c lo se  theoretical relation and 
d iffe ren ces  in dualism  re la ted  to initial am biguity to le ran ce  found in the re p e a te d  m e a su re s  
ANOVA p ro ced u re  repo rted  above, it w as  hy p o th esized  th a t s tu d e n ts  with declining p a tte rn s  
w ould b e  m ore to le ran t of am biguity  an d  m ore multiplistic th a t s tu d e n ts  with in creasing  
p a tte rn s  of change.
T he re su lts  of th e  ANOVAs testing  for m ean  d iffe rences in d em ograph ic  variab les  a s  a  
function of pa tte rn s of c h an g e  a re  p resen ted  in T able 17. B ecau se  th e s e  and  all o thers an a ly ses 
requ ired  perform ing 16 one-w ay  ANOVAs, an  experim ent-w ise level of Type I e rro r w as kept 
a t a  -  .05. This resulted  in requiring any single £  statistic  to h ave  a  probability of q  < .003 to
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be co nsidered  significant. G iven th e s e  constrain ts, no d ifferences am ong the p a tte rn s  of ch an g e  
w ere found in any  dem ograph ic  variables.
T he re su lts  of th e  ANOVAs testing  for m ean  d ifferences in m e a su re s  of affect an d  m ood as  
a  function of p a tte rn s  of c h a n g e  a re  p re sen ted  in T able  18. A lthough no significant d ifferences 
w ere  found in any  of th e s e  se v e n  com parisons , m ean  v a lu e s  w ere  in the  p red ic ted  direction 
h y p o th e s ized  ab o v e  for s ta te  anx iety , p le a s a n t m ood, n eg a tiv e  m ood, a n d  overall m ood. 
However, th e  am oun t of variance  accoun ted  for in any o n e  of th e s e  variab les is negligible.
T he re su lts  of th e  ANOVAs testing  for m ean  d iffe ren ces in m e a s u re s  of personality  a s  a 
function of p a tte rn s  of c h a n g e  a re  p re se n te d  in T ab le  19. As ab o v e , a lthough  no significant 
d iffe ren ces w ere  found am ong  p a tte rn s  of c h a n g e  for any  of th e  v a riab le s  a s s e s s e d ,  m ean  
v a lu e s  w ere  in th e  p red ic ted  direction  for internal locus of control, am biguity  to le ran ce , and  
m u ltip lic ity .
R esu lts  of S ophom ore Y ear Follow-Uo A nalyses
B e c a u se  of th e  relatively sm all num ber of individuals' reporting  significant linear c h a n g e  in 
their dualism  sc o re s  during th e  first se m e s te r , th e  c h a n g e  in ep is tem olog ical o rientation  of the 
29  su b je c ts  from  th e  Fall 1990  co h o rt w ho p artic ip a ted  in th e  Spring  1992  follow -up w as 
ex am in ed  using  th e  B elsky an d  R ov ine 's (1990) m odification of IGM. It w a s  hoped  th a t this 
ana ly s is, covering five tim e points an d  ex tending  into th e  m iddle of s tu d e n ts ' so p h o m o re  year, 
w ould allow  for m ore inform ative co n c lu s io n s ab o u t ep is tem olog ica l d ev e lo p m en t in th e  early  
co llege  y ears .
A cubic m odel m easu ring  ch an g e  a c ro s s  five po in ts w as  c h o se n  to d e sc rib e  intraindividual 
grow th g iven th e  resu lts  from th e  IGM a n a ly se s  of th e  Fall 1990 and  Fall 1991 cohorts. It w as 
hypo thesized  th a t th e  relative distribution of s tu d e n t's  am ong  th e  previously  identified p a tte rn s  
of c h a n g e  would b e  significantly different b e tw een  th e  original an d  th e  follow-up sam p les . The 
n a tu re  of this d ifference w as ex p ec ted  to  co m e  in the  form of a  g re a te r  proportion of s tu d e n ts ’ 
tru e  g row th  c h a ra c te r iz e d  a s  declin ing  (both s tra ig h t a n d  fluctuating), w ith few er s tu d e n ts  
ch a rac te rized  a s  having no c h a n g e  an d  increasing  c h a n g e  (again  both  stra igh t and  fluctuating).
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T ab 'e  1 7 . R esu lts of ANOVAs of d e m ographic d ifferences m linear-cubic dualism  ch an g e  groups 
(N = .53).
V ariab le  C hange Group q Mean SB E 0  I 2
SA T -V erbal
Fluctuating D ecline 1 1 51 1 8 7 1 .5 2 2 2 .0 9
Fluctuating In c rease 1 2 4 9 5 4 2
Straigh t D ecline 1 5 5 0 5 81
Stra igh t In c rea se 1 0 5 5 5 6 0
S A T -Q u an tita tiv e
Fluctuating D ecline 1 1 5 4 7 9 3 0 .4 4 .7 2 .0 3
Fluctuating In c rease 1 2 5 5 3 8 9
S tra igh t D ecline 1 5 5 5 5 6 7
S tra igh t In c rea se 1 1 5 8 4 8 5
High School GPA
Fluctuating D ecline 1 1 3 .6 4 0 .2 3 2 .6 3 .0 6 . 1 6
Fluctuating In c rea se 1 1 3 .4 9 0 .2 7
S tra igh t D ecline 1 3 3 .3 0 0 .4 0
S tra igh t In c rea se 1 1 3 .5 2 0 .3 3
C am p u s A ctivities
Fluctuating D ecline 1 3 2 .1 5 1 .0 7 3 .3 3 0 .0 3 .1 7
Fluctuating In c rea se 1 3 1 .3 8 1 .0 4
S tra igh t D ecline 1 5 2 .8 7 1 .7 7
S tra igh t In c rea se 1 2 1 .8 3 0 .9 4
C o u rse  Difficulty
Fluctuating D ecline 1 3 2 .6 2 0 .3 5 1 .4 2 .2 5 .0 8
Fluctuating In c rea se 13 2 .5 0 0 .6 0
S tra igh t D ecline 1 5 2 .8 2 0 .4 9
S tra igh t In c re a se 1 2 2 .8 0 0 .4 0
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T ab le  18. R e su lts  of ANOVAs of d if f e re n c e  in m ean  anxiety and  m ean  m ood m e a su re s  a s  a 
f un c t i on  of linear-cubic dualism  ch an g e  groups IN -  1091.
V ariab le  C hange Group q M ean SO F p r2
S t a t e  A n x i e t y
Fluctuating D ecline 2 6 4 1 .9 1 9 .91 0 .7 4 0 .5 3 . 0 2
Fluctuating Increase 2 8 4 0 .7 3 7 8 9
S tra igh t D ecline 2 6 3 8 .7 8 8  97
S tra igh t In c rease 2 9 4 2 .0 8 9 .5 0
T rait A nxiety
Fluctuating D ecline 2 6 4 2 .4 9 8 .1 9 0 .2 3 8 8 0 1
Fluctuating Inc rease 2 8 4 2 .4 8 8 .8 2
Straigh t D ecline 2 6 4 0 .7 6 9 .61
S tra igh t In c rease 2 9 4 2 .0 3 8 .2 6
P leasan t Mood
Fluctuating D ecline 2 6 8 .5 0 6 .6 4 0 .7 3 .5 4 . 0 2
Fluctuating Inc rease 2 8 8 . 8 8 5 .9 4
S traigh t D ecline 2 6 1 0 .5 8 5 .4 6
S tra igh t In c rea se 2 9 8 .2 3 7 .1 6
A roused Mood
Fluctuating D ecline 2 6 2 2 .4 8 3 .0 0 0 .7 0 .5 6 . 0 2
Fluctuating Inc rease 2 8 2 2 .8 5 2 .7 7
S traigh t D ecline 2 6 2 3 .3 2 2 .5 3
S tra igh t In c rea se 2 9 2 2 .2 4 3 .3 1
Positive Mood
Fluctuating D ecline 2 6 8 .7 8 2 .8 0 0 .5 6 .6 4 . 0 2
Fluctuating Inc rease 2 8 9 .0 0 3 .1 1
S tra igh t D ecline 2 6 9 .5 2 2 .2 6
S tra igh t In c rea se 2 9 8 .5 2 3 .4 2
N egative Mood
Fluctuating D ecline 2 6 1 4 .8 1 2 . 0 0 0 .0 3 .9 9 < . 0 1
Fluctuating Increase 2 8 1 4 .8 8 1 .5 7
S tra igh t D ecline 2 6 1 4 .7 4 1 .9 5
S tra igh t In c rea se 2 9 1 4 .8 5 1 .7 5
Overall Mood
Fluctuating D ecline 2 6 3 .6 9 2 .9 2 1 . 1 1 .3 5 .0 3
Fluctuating Inc rease 2 8 4 .4 1 2 .6 3
S tra igh t D ecline 2 6 4 .6 3 4 .4 9
S tra igh t In c rease 2 9 3 .3 4 3 .7 7
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Tab 'e  ’ 9. Results  of ANOVAs of differences in m ean  locus of control, m ean  ambiout'tv
:o e r a r c e  a " a  m e a n  muiuDiici tv 
V a r i a b l e  C hange Group
a s  a  runcn 
Q








in  = cy i
r 2
Internal LOC
Fluctuating Decline 2 6 2 1 .4 5 4 3 5 0 .6 5 0 .5 8 . 0 2
Fluctuating Inc rease 2 8 2 1 .3 8 3 .8 0
S traigh t D ecline 2 6 2 2 .5 9 3 8 3
S tra igh t In c rease 2 9 2 1 .1 7 4 .3 0
Chance LOC
Fluctuating Decline 2 6 2 1 .0 4 3 .3 6 0 .9 3 .4 3 .0 3
Fluctuating Increase 2 8 2 1 .9 4 3 .2 8
S tra igh t D ecline 2 6 2 1 .0 5 2 .7 8
S tra igh t In c rease 2 9 2 0 .6 2 2 .7 6
Powerful O thers LOC
Fluctuating Decline 2 6 1 5 .2 4 4 .2 4 1 .1 3 34 .0 3
Fluctuating Increase 2 8 1 7 .1 3 3 .5 3
S traigh t D ecline 2 6 1 5 .6 2 3 .6 4
S tra igh t In c rease 2 9 1 6 .3 5 4 .8 0
Ambiguity T o le rance
Fluctuating Decline 13 1 7 .0 9 1 .9 0 1 .9 4 .1 4 . 1  1
Fluctuating Inc rease 1 3 1 6 .81 1 .7 9
S tra igh t D ecline 15 1 8 .1 9 1 .9 3
S traigh t In c rea se 1 2 1 6 .4 7 2 .3 8
Multiplicity
F luctuating  D ecline 2 6 7 9 .6 0 5 .9 4 2 .9 2 .0 4 .1 5
Fluctuating Inc rease 2 8 7 7 .9 6 7 .9 7
S tra igh t D ecline 2 6 8 1 .7 5 7 .4 5
S tra igh t In c rease 2 9 7 4 .4 6 3 .3 4
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T h ese  h y p o th ese s  w ere  gu ided  by th e  p red ic tions m ad e  by P e rry 's  sc h e m e  concern ing  ia:er 
co lleg e  d e v e lo p m e n t, and  th e  c o n s is te n t find ings of very  few  d u a lis ts  m s tu d ie s  o f 
epistem ological developm ent using sophom ore  sam p le s  (B axter M agolda & Porterfield. 1988).
A matrix describ ing  the distribution of the linear and  cubic grow th in dualism  of s tu d en ts  
partic ipating  in th e  follow-up is p re se n te d  in F igure 10. As with th e  Fall 1990 and 1991 
co h o rts , 28 s o p h o m o re s 1 ® w ere  classified  into one  of five p a tte rn s  of c h a n g e  in dualism  
s c o re s : no linear c h a n g e , s tra ig h t dec lin e , s tra ig h t in c re a se , fluctuating  dec lin e , and
fluctuating in c rease . Table 20  p re se n ts  the com parison  of th e  relative distribution of s tu d en ts  
am ong th e  five c h a n g e  p a tte rn s  found in th e  original firs t-sem este r and  su b se q u e n t follow-up 
sam p les . A X ?  a n a ly s e s  tes tin g  th e  equality  of th e  relative d istribution  of th e s e  sam p le s  
rev ea led  th a t they w ere  significantly different, X ?  ”  157.96, a  < .001. In addition, the effect 
s ize  e s tim a ted  from this ind icated  a  strong  re la tionsh ip  b e tw een  sam p le  and  d istribution  of 
c h a n g e  p a tte rn s , i  -  .87. From T able 19 it a p p e a rs  tha t, in te rm s of th e  proportion  of 
s tu d en ts , th e re  w as  a  g en e ra l d e c re a s e  in th e  num ber of s tu d e n ts  reporting  an in c rea se  m 
dualism  w hen followed into their sophom ore  year. B e c a u se  of the  sm all s ize  of the follow-up 
sam ple , no additional inferential param etric  an a ly se s  (i.e., ANOVA) w ere  perform ed.
D iscussion
C om parison of M ethods for Analyzing C hange
In light of the se r ie s  of a n a ly se s  of c h a n g e  just described , w hat can  be  said  ab o u t their 
relative m erit? D oes one app ro ach  offer th e  "best* m ethod for the ana ly s is of c h a n g e ?  If so. 
w hy? And if not, w hat gu idelines can  be  u se d  to s te e r  re s e a rc h e rs  tow ards the ap p ro a c h e s  
that b e s t suit their n e e d s?  O n e  way to  judge the relative m erits of e a c h  app roach  is to refer 
the perfo rm ance of e a c h  to th e  sum m ary of their a d v an ta g es  and  d isa d v a n ta g e s  d esc rib ed  in 
T able 1 (Section II). With a  cursory  exam ination , this tab le  rev ea ls  a  definite b ias in favor of
1® O ne participant in the follow-up study w as excluded  from the IGM a n a ly se s  a s  th e  result of 
having m issing d a ta  from two tim e points in the Fall 1990 study. With only th ree d a ta  points a 
cubic model could not b e  fit for this subject.
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F ;au re  1 0 . Matrix crossing  linear and cubic types for ch an g e  in s tu d e n ts ' dualism  sc o re s  f-om 
the first s e m e s te r  in college to seco n d  se m e s te r  S ophom ore y ear (N»28).
L in e a r
T otal
C ubic
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T able 2Q. Com parison  of th a  relative distribution of grow th pattern  g ro u p s ob ta ined  during the 
first s e m e s te r  in college IN » 180) and  in the Spring 1992 follow-up (N -  28).
Pattern  of C hange  In Dualism
Fall 1990 & 
a
Fall 1991 C ohorts 




P ro p o rtio n
Fluctuating D ecline 2 6 14% 7 2 5 %
Stra igh t D ecline 2 6 14% 2 7%
No Change 71 3 9 % 1 4 5 0 %
S tra igh t In c rease 2 9 17% 1 4 %
Fluctuating In c rease 2 8 16% 4 14%
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a p p ro ach es  n e a re r to the bottom  of the table. But. given the resu lts  of this longitudinal study 
is this b ia s  w a rran ted ?
E ach of the ad v a n ta g e s  and  d isad v an tag es  of the difference sco re  and  the residual ch an g e  
sco re  w ere born out in this study. Even though th e se  m easu re s  w ere  easily  com puted  from two 
w av es  of d a ta  (i.e.. Time 1 an d  Time 4). it w as show n in later non linear a n a ly se s  that the 
am oun t and type of ch an g e  in dualism  sc o re s  a c ro ss  the se m e s te r  w ere greatly  underestim ated  
by th e s e  two w ave d e s ig n s . Among o ther things, th is inability to acco m m o d a te  m ultiwave 
inform ation m ay a lso  lie a t th e  heart of ’w hat ails th e  d ifference sc o re ’ and  re la ted  two w ave 
m e a su re s  of ch an g e  (R ogosa. 1988, p. 188).
R e su lts  from  th e  exam in a tio n  of o n e  c ro s s - tim e  co rre la tio n  m atrix  re v e a le d  th a t a 
se g m e n te d  m e a su re m e n t of tim e is limited in its ability to a d d re s s  q u e s tio n s  of individual 
c h a n g e  o v e r  tim e. A lthough th e  c ro ss-tim e  co rre la tion  m atrix allow s for th e  a n a ly s is  of 
m ultiw ave d a ta , its inability to provide useful inform ation ab o u t c h a n g e  rev ea ls  it limits. 
P e rh ap s  this app roach  d o e s  have  a  p lace  in the m easu rem en t of change , but I would a rgue  that 
d ev e lo p m en ta lis ts  w ould b e  b e s t  se rved  by treating  th is tech n iq u e  a s  an  EOA (Tukey, 1977) 
p ro ced u re  m ore helpful for sc reen ing  d a ta  o r providing h y p o th e se s  ab o u t po ss ib le  underlying 
true  growth than  actually  m easuring  change.
T he rem ain ing  tw o a p p ro a c h e s  p rov ided  th e  m o s t inform ation  reg a rd in g  c h a n g e  in 
ep is tem o log ica l o rien ta tion  during s tu d e n ts ' first s e m e s te r  in co llege . R e p e a te d  m e a s u re s  
ANOVA w as su cce ssfu l in a t le a s t exam ining the d a ta  for d iffe rences over time, although its 
typical app roach  of partitioning variance  am ong  cells resu lted  In tim e effec ts  being m easu red  
only be tw een  cells a d jac en t in time. Like th e  c ro ss-tim e  correlation  matrix, it too could be  
u se d  successfu lly  a s  an  exploratory device with an e y e  to genera ting  poss ib le  hy p o th eses to be  
te s ted  with a  m ore ad e q u a te  ability to m easu re  individual change.
T he modified individual grow th m odeling techn ique  u sed  h e re  rev ea led  both th e  stren g th s 
and  lim itations of th is g en e ra l ap p ro ach . Increasingly  m ore d e ta iled  inform ation regard ing  
individual growth w as obtained  with each  addition growth m odel fit to th e  d a ta . This illustrates
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the  ideographic  n a tu re  of grow th m odeling, a s  e a c h  individual is allow ed to 's p e a k ' for him or 
herse lf a s  m uch a s  p o ss ib le . H ow ever, so m e  of that un ique  inform ation w as  lost w hen 
ndividuals w ere  c lassified  into g roups rep resen tin g  d ifferent p a tte rn s  of ch an g e . It a p p e a rs  
that in choosing  am ong tech n iq u es for m easuring  ch an g e , it is p e rh a p s  b e s t to rely on several 
tech n iq u es  by in tegrating  them . This ap p ro ach  w as  taken  by using  an a ly s is  of variance  to 
ex am in e  d iffe ren ces  in g ro u p ed  e s tim a te s  of tru e  grow th in d ua lism  o v er s tu d e n ts ' first 
s e m e s te r .
In a  final point, m uch of th e  difficulty of analyzing ch an g e  in th e  co n stru c ts  ch o sen  h ere  lies 
in the variability in both the m agnitude and  direction of c h a n g e  in ep istem ological orientation. 
Many m ethodological tre a tm en ts  of the m ea su re m e n t of c h a n g e  d ea l exclusively with 'c lean* 
d a ta  s e ts  co n stru c ted  to b e  illustrative and  pedagog ical. H ow ever, w hen dealing  with 'le s s -  
than-clean*  d a ta , the  u n ex p ec ted  often h a p p e n s  an d  m uch of th e  m ethodological m achinery  
b eg in s to whine. As m uch a s  anything e lse , th e s e  real d a ta  ex p e rien ce s  can  help to challenge
existing m ethods and  therefo re  im prove them .
E pistem ological O rientation P u rina  th e  Transition to C ollege
B a se d  upon th e  re su lts  of the v a rio u s a p p ro a c h e s  to m easu rin g  c h a n g e , two m ajor 
conclusions can  b e  draw n ab o u t s tu d en ts ' ep istem ological deve lopm en t during the transition to 
co llege. The first of th e s e  is tha t a majority of s tu d e n ts  do not significantly c h a n g e  their 
a ttitude tow ards know ledge during their first s e m e s te r  in college. A lthough th is finding could
b e  a function of the im precision  of the in strum en t u sed  to m e a su re  dualism , it s e e m s  m ore
likely that m uch of w hat m ay coun t for c h a n g e  in P erry 's  sch em e  d o e s  not occu r w ith tim e but 
o ccu rs  a s  th e  resu lt of la te r  con cep tu a liza tio n  of their dev e lo p m en t. T his is to sa y  tha t 
d ev e lopm en t m ay not be  u n d ers tood  forw ards, bu t ra th e r b ackw ards (K ierkegaard , 1967): a 
s tu d en t's  attitude tow ards ep istem ological is su e s  m ay b e  independen t of the  w ay in w hich sh e  
actually a s s u m e s  certain  epistem ological s ta n c e s  tow ards know ledge and  education .
F reem an  (1984) a rriv es a t m uch th e  s a m e  co n c lu s io n  reg a rd in g  th e  ep is tem o log ica l 
stand ing  of cu rren t ap p ro a c h e s  to life-span developm enta l psychology. A ccording to F reem an
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(1984), w hen  life-span  th e o r ie s  like P e rry 's  a re  v iew ed a s  a  type  of h istorical ana ly s is . : 
b e c o m e  c le a r  th a t th ey  built upon  in d iv id u a ls ' m aking  m e a n in g  th ro u g h  re flec tion , 
in terpre tation , and  the narrative reconstuc tion  of exp e rien ce . In addition, this in terpretation  
se e m  m ore p lausib le  w hen it is s tre s s e d  that much of P erry 's  own work and  o thers (Kitchener. 
1983; B ax te r M ago lda , 1990) invo lves s tu d e n ts  reflec ting  b ack  on th e ir  ed u c a tio n a l 
ex p erien ces, and  in a  very real s e n s e  "making m eaning" out of th o se  experiences.
A lthough few significant d iffe ren ces am ong s tu d e n ts ' grow th w ere  found to be  re la ted  to 
any dem ograph ic , em otional, or personality  variab les, a  num ber of p a tte rn s  w ere  su g g es ted  by 
th e s e  data . T he first of th e s e  p a tte rn s  w as  the finding that initial level of am biguity to lerance  
w as  strongly re la ted  to interindividual d ifferences in dualism  a t e a c h  of th e  four a s s e ssm e n ts . 
This p rov ides som e ten ta tive  support for the  notion of epistem ological dualism  being related  to 
a  la rger au tho ritarian  persona lity  factor.
S econd , g iven th e  co n stra in ts  of running multiple inferential te s ts , th ere  w as a  suggestion  
of a  p o ss ib le  relation  b e tw een  s tu d e n ts ' levels of c am p u s activity and  the ir epistem ological 
grow th; s tu d e n ts  p re sen tin g  d e c re a s in g  levels of dualism  te n d e d  to b e  m ore involved m 
activities ou ts ide  of th e  c lassroom . This su g g e s te d  relationsh ip  a g re e s  with the P erry 's  view 
of the im portance of the pluralism  of social ex p erien ces  a s  a fac to r in s tu d en ts ' epistem ological 
developm ent. Third, a lthough  a  sim ilar su g g e s te d  re la tionsh ip  w as  found be tw een  s tu d en ts ' 
multiplicity and  their c h a n g e  in dualism , th e  qu estio n ab le  psychom etric  p ropertie s of th e  sca le  
m easu ring  multiplicity m ake this finding ra th e r inconclusive.
Exam ining th e  re la tion  b e tw een  ep is tem o log ica l o rien ta tion  and  both  affect and  m ood, 
a v e rag e  levels of anxiety and  negative  d im ensions of m ood a p p e a re d  in g en era l to correspond  
with hypothesized  d ifferences. It is im portant to no te  th a t th e se  av e ra g e  levels w ere not large 
enough  to b e  significant ab o v e  w hat would be  ex p ec ted  from sam pling error. Last, a  follow-up 
investigation of th e  ep istem ological growth by the sophom ore  y ea r found a  d ifference betw een  
c h an g e  m easu red  within th e  initial se m e s te r  in college an d  ch an g e  m easu red  up until the  middle 
of s tu d en ts ' se co n d  year.
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V. CONCLUSION
By com paring  th e  ability of v arious m ethodo log ica l a p p ro a c h e s  to m e a s u re  c h a n g e  in 
s tu d en ts ' ep istem ological developm ent, this re sea rch  h a s  show n that many of the conclusions of 
re cen t d isc u ss io n s  on th e  m e a su re m e n t of c h a n g e  (B urchinal & A pplebaum , 1991: R ogosa . 
1988; W illett. 1988) h ave  m erit w hen  app lieo  to m ultiw ave d a ta . F u rth e r, by exam ining 
p a tte rn s  of c h a n g e  (Belsky & Rovine, 1990), th e  superiority of th e  individual growth modeling 
ap p ro ach  w a s  especia lly  a p p a re n t in its ability to d e sc r ib e  interindividual d iffe ren ces in both 
the  m agnitude and  direction of ch an g e  in s tuden ts ' beliefs about th e  nature of know ledge.
This benefit h a s  ad d ed  im portance  for th e  em pirical investigation  of P e rry 's  sch em e  of 
developm ent. Although in th e  totality of the S ch em e  ch an g e  m ay b e  b e s t ch arac te rized  along 
so m e  m ore com plex developm ental function (i.e., P erry 's  m etapho r of the expand ing  helix), the 
u se  of th e  linear-cubic grow th m odel provided em pirical su p p o rt for th e  recu rsive  na tu re  of 
d ev e lo p m en t within th e  transition  from dualism  to multiplicity originally th eo rized  by Perry 
(1970. 1981). O ne question  tha t a r is e s  from this finding is to w hat e x ten t is a  linear-cubic 
m odel of c h a n g e  valid for d esc rib in g  th e  rem ain ing  d ev e lo p m en ta l tra n s itio n s  in P e rry 's  
sc h e m e ?  In future re sea rch  on s tuden t epistem ological developm ent, effort n e e d s  to be  p laced 
on collecting sufficient m ultiwave d a ta  in o rder to allow for th e  investigation  of su ch  com plex 
m odels of growth a s  u sed  in this study.
In light of th is con tribu tion , how ever, th e  ability of th is in v es tiga tion  to su ccessfu lly  
a d d re s s  o ther is su e s  w as limited by severa l p rob lem s in its design . The prim ary one  of th e se  
w as its circum scribed focus on c h a n g e  occurring ac ro ss  a  single sem este r . As a  result, a  large 
proportion of s tu d en ts  reported  no substan tia l c h a n g e  in ep istem ological orien tation  during that 
tim e. A lthough following a  sam p le  of th e s e  s tu d e n ts  into th e ir so p h o m o re  y ea r revealed  
sign ifican t d iffe ren ces  in th e  d istribution  of p a tte rn s  of c h a n g e  co m p ared  to  s tu d e n ts  ju s t 
a s s e s s e d  in their first s e m e s te r , th e  follow-up sam p le  w as  too  sm all to p rov ide any strong
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co n c lu s io n s  ab o u t w hat o ther p sycho log ica l d o m a in s  m ight b e  re la te d  to e p is te m o lo g c a i 
deve lopm en t a c ro s s  the first two y ea rs  of college.
A seco n d  limitation of this study  w as its re liance on the  C hecklist of E ducational V ie w s  as 
the so le  m easu re  of ep is tem olog ical orientation. Although its construc t validity w as supported  
in p a n  by its c o n s is te n t n eg a tiv e  co rre la tion  with am biguity  to le ran ce , th e  a s s e s s m e n t of 
ep is tem o log ica l d ev e lo p m en t w ould h av e  b e e n  grea tly  e n h a n c e d  by th e  inclusion of m ore 
recen tly  d eve loped , qualitative in s trum en ts d e s ig n ed  to m e a su re  P erry  positions, like M oore's 
(1982) M easu re  of Intellectual D evelopm ent or B axter M agolda and  P orterfie ld 's (1985, 1988) 
M easu re  of E pistem ological R eflec tion . 1 7  Future exam inations of epistem ological developm ent 
during the transition to college would b e  en h an ced  by the u se  of both a p p ro ach es  to a sse ssm en t.
Turning to the g enera l m ethodological im plications of this investigation, co m p ariso n s am ong 
th e s e  five te c h n iq u e s  for m easu rin g  c h a n g e  rev ea led  th a t th e  individual grow th m odeling 
a p p ro ach  su p p o rted  R o g o sa 's  (1988) claim  tha t it is a  "hero" of so r ts  in th e  an a ly s is  of 
longitudinal ch an g e . The validity of this claim  w as s e e n  in th e  ability of IGM to retain an 
ideographic focus on ch an g e  and  to allow for the specification of increasingly com plex m odels of 
true  grow th. But like m ost h e ro es , IGM h a s  its w e a k n e ss  a s  well. In th e  c a s e  of the da ta  
p re se n te d  here , the inability of s ta n d a rd  IGM (a s  well a s  m ost o th er a p p ro a c h e s  investigated  
here) to d ifferentiate be tw een  interindividual d ifferences in bo th  th e  m agn itude  and  direction of 
ch an g e  led to  the u se  of a  grouping procedure  in which som e information abou t individual growth 
w as lost. That is not to sa y  that th is is an  inevitable result in all or even  so m e  o ther dom ains 
of developm enta l resea rch : how ever, a s  s tre s s e d  in Section III, c a re  should b e  taken  to choose  
growth m odels that a re  appropriate  for the ph en o m en a  being exam ined.
In all. th is re sea rch  a rg u es  for a  he igh tened  a w a re n e ss  of the im portance of m ethodological 
is su e s  m s tud ies  of hum an developm ent. Although m ost techn iques for m easuring  ch an g e  can be
1 7  As part of p lanned  longitudinal study  of ep is tem olog ica l d eve lopm en t a c ro s s  the college 
y ea rs . M ER re s p o n se s  w ere  ob ta ined  from partic ipan ts in th e  Fall 1991 cohort bu t not u sed  in 
any of the resu lts  p re sen ted  here.
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eas ily  c o n d u c te d , the  in te rp re ta tio n  of w hat is ac tua lly  m e a s u re d  an d  m w hat s e n s e  >( 
co rresp o n d s  to  so m e  underlying developm ental p ro c e ss  is not a s  straightforw ard an issue. It s 
hoped  that the re sea rch  p re sen ted  in this d isserta tion  will en ab le  o ther developm enta lis ts  to be 
m ore cognizant of the cha llenges still facing the m easu rem en t of psychological change.
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EXAMPLE OF SAS® 6.0 COMPUTER PROGRAM FOR CONDUCTING GROWTH CURVE ANALYSIS
(SOURCE: WILLETT, 1987/1991)
DATA STUDY23;
INFILE ' 1 STSEM.DAT':
INPUT # 1  COHORT $ SU 8 JID
#2 AGE GENDER MAJOR RESIDE MOCC FOCC HSSI2E SAT_V SAT_Q HSPGA HOUSING 
JUNEOR FCAMP FDAYS FYSEM ACADEM SPECINT GREEK MUSART POLITIC RELIG 
SERVICE CLBSPRT VARSPRT WORKS7UD OTHER COURSE1 COURSE2 COURSE3 
COURSE4 COURSES ACTIVE COURSDIF 
#3 TIME1 $ INTERN1 CHANCE1 OTHERS1 STATE 1 TRAIT1 MOOD1 PLEAS1 AROUS1 
POS1 NEG1 CLEV1 MEOS1 AMBIG1 
#4 TIME2 $ INTERN2 CHANCE2 OTHERS2 STATE2 TRAIT2 MOOD2 PLEAS2 AROUS2 
PO S2 NEG2 CLEV2 MEOS2 AMBIG2 
#5 TIME3 $ INTERN3 CHANCES OTHERS3 STATE3 TRAIT3 MOOD3 PLEAS3 AROUS3 
PO S3 NEG3 CLEV3 MEOS3 AMBIG3 
# 6  TIME4 $ INTERN4 CHANCE4 OTHERS4 STATE4 TRAIT4 MOOD4 PLEAS4 AROUS4 
PO S4 NEG4 CLEV4 MEOS4 AMBIG4 
#7 TIME5 S INTERN5 CHANCES OTHERS5 STATE5 TRAIT5 MOOD5 PLEAS5 AROUS5 
PO S 5 NEG5 CLEV5;
IF COHORT«'S3’ THEN MOOD1-MOOD1 -10;
IF COHORT- ’S3’ THEN MOOD2-MOOD2-10;
IF C O H O R T -S3 'T H E N  MOOD3-MOOD3-10:
IF C O H O R T -S3 ' THEN MOOD4-MOOD4-10;
IF C O H O R T -'S2 ' THEN ID-90000+SUBJID:
IF C O H O R T -S 3 ' THEN ID-91000+SUBJID;
DATA STUDY23;
SET STUDY23;
IF NMISS (OF CLEV1 CLEV2 CLEV3 CLEV4) GE 2 THEN DELETE:








ARRAY SCORES(A) CLEV1 CLEV2 CLEV3 CLEV4;
ARRAY TIMES{4) _TEM PORARY_ (1 2 3 4);
DO I -  1 TO 4;
X .  SCORES(I);
T .  TIMES{I} - 2;
TIME = TIMESfl};
T2 = T " 2 ;
OUTPUT;
END;
PROC REG COVOUT NOPRINT OUTEST-TEMP1 DATA»UNiV_X;
TITLE 'INDIVIDUAL GROWTH MOOEL REGRESSION ANALYSES; CLEV'; 









IF _TY PE_ .  'C O V  AND _NAME_ -  T :
V_SLOPE -  T;
SE_SLOPE -  SQRT(V_SLOPE);
KEEP ID SE_SLOPE;
PROC REG NOPRINT OUTEST-TEMP4 DATA-UNIV_X;




W _SSE -  _SSE _;
W_MSE -  _M SE_;
W_DFE * _EDF_;
W _RSQ -  _ R S Q j
KEEP ID W _SSE W_MSE W_DFE W_RSQ;
DATA STUDY23;
MERGE STUDY23 TEMP2 TEMP3 TEMP4;
BY ID;
PROC REG NOPRINT COVOUT OUTEST-TEMP6  0ATA-STUDY23; 
MODEL SLOPE-CLEV1 ;
DATA TEM P6 ;
SET TEMP6 ;
IF _TY PE_*’PARMS';




IF _N _-1 THEN SET TEMP6;
SET STUDY23;
W P » B_M SE/(B_M SE + S E _S L O P E "2);
PROC PRINT DATA-STUDY23:
TITLE ’CLEV GROWTH MODELING DATA':




FORMULAE FOR COMPUTING MEAN. LINEAR. QUADRATIC AND CUBIC ORDINAL COMPONENT 
SCORES (SOURCE: M. ROVINE. PERSONAL COMMUNICATION. FEBRUARY 10. 1992)
Let X i. X2 . X3 , and  X4  re p re se n t so m e  d ep en d en t m e a su re  o b ta ined  a t four equally  sp a c e d  
points in time.
T he following co n tra st coefficients a re  u sed  to  to specify linear, quadratic , and  cubic m odels:
1 2 3 4
L inear -3 /S Q R T  (20) -1 /S Q R T (2 0 ) 1 /S Q R T (20 ) 3 /S Q R T (2 0 )
Q uad ra tic 1 / 2 - 1 / 2 - 1  / 2 1 / 2
Cubic -1 /S Q R T (2 0 ) 3 /S Q R T (2 0 ) -3 /S Q R T (2 0 ) 1 /S Q R T (20 )
T he m ean , linear, quadra tic , and  cubic ordinal co m p o n en t sc o re s  (O CS) for X over tim e a re  
ob ta ined  using the following form ulae:
L inear O C S  « (X i* L inear 1 ) + (X2 * Linear 2) + (X3 * L inear 3) + (X4 * Linear 4)
Q uadra tic  O C S -  (Xi * Q uadratic 1 ) + (X2 * Q uadratic 2) + (X3 * Q uadratic 3) + (X4 * Q uadratic  4) 
C ubic O C S -  ( X r  Cubic 1 ) + (X2 * Cubic 2) + (X3 * Cubic 3) + (X4 * Cubic 4)
1 2 7
